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ABSTRACT 


Nine soils of Alberta, with P applied to some, were in- 
vestigated to assess the available phosphorus status, The experiments 
involved the growth of the plants, chemical extraction of desired 
phosphorus forms, 32p labelling, use of equilibrium techniques 
and the development of suitable analytical methods for inorganic 
phosphorus and 32p determinations. 

The new method for inorganic phosphorus determination has 
increased the sensitivity of the usual ascorbic acid method by a 
factor of approximately 4. The method for 32p determination is 
simple and allows the measurement of 32p in undigested plant samples. 

The results of the experiments on the movement of P to 
roots Alseaike showed that P movement by mass flow is the signifi- 
cant process of P transport to roots in soils treated with high rates 
Creer, Diffusion is found to be the major process of P move- 
ment to Paote in P untreated soils. Root interception is found to 
be least important in P movement to roots. 

The correlation coefficient data from two plant growth room 
experiments indicated that the soil solution P is very closely 
related to P supply to the plants. However, since all the variation 
in the available phosphorus ("A' values) could not be explained by 
the intensity factor alone (soil solution P, Ie), the quantity factor 
(surface P, Ee) was included in the study. A linear multiple re- 
gression equation and correlation coefficient relating the ''A" 
value to the intensity and quantity factors were "A" value = 2,11 + 


15.90 logjg Ie + 1.51 Ee and 0.972 respectively. 
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Based on the results of 32p exchange experiments and other 

data on the soils, it was concluded that the rates of exchange of 
soil phosphorus after the 1 hour period are too slow to have any 
aay influence on the immediate supply of phosphorus to the plants, 

The comparisons of Ee, Olsen P, Miller and Axley P and Al-P 
with "A" value indicated that these values are very highly cor- 
related with "A" value and also among themselves. It appears that 
these chemical extractions remove the exchangeable P and some 
addLeional “Pb eirom the soils, 

The data on phosphated soils showed that none of the 
intensity and quantity factors are very well related to the "A" 
values. The results indicated that the solution P (Ie) and 
quantity (Ee, Olsen P, Miller and Axley P) values were increased 
24 to 420 and 4 to 20 times the original values respectively by the 


P treatments. 
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CHAPTER I 
INTRODUCTION 

Phosphorus occupies an important position in the study of 
So1lstertility. “Phosphate deficiency is a factor limiting crop pro- 
duction on a world-wide basis. The causes of low availability of 
native and applied phosphorus in soils are numerous. The problem 
is complicated by the lack of suitable methods to isolate and 
identify the numerous inorganic and organic phosphorus compounds 
often presente in soils. The presence in many soils of negatively 
charged clays, which may range from an amorphous to crystalline state, 
make it even more difficult to study the phosphate compounds which 
may be associated with them. Phosphate compounds may Blscleriat as 
individual crystals and/or as amorphous particles of varying sizes, 
It is not surprising then that the field of soil-phosphorus fertil- 
ity is considered as rather interesting and challenging. 

An extensive amount of work has been done on the subject. 
Most of it deals with the study of the particular phosphate compounds 
or forms likely to be present in the soils. Generally, the total 
phosphorus content of a soil is not a good indication of the capacity 
of soil to supply phosphorus to plants. The availability to plants 
of soil phosphorus as a whole has not received enough attention 
and many factors that affect the availability of soil and applied 
phosphorus are not well understood. To understand these factors a 
different approach to study the soil phosphorus status is very 


necessary. 
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Any system can be defined by intensive and extensive variables 
of the state. Application of this principle to soil fertility calls 
for the characterization of both variables. In addition, the study 
of the rate factors involved in the transport of phosphorus to roots 
is very important. 

With the foregoing approach in mind, a research project 
was formulated to study: 

- the rate factor covering the transport of phosphorus to 

BOOS) 2 OWINE InesOLls. 

- the intensity factor reflecting the ease or difficulty of 

withdrawal of soil phosphorus by roots. 

- the quantity factor indicating the amount of available 

phosphorus in the soils. 
The research is described under the following two topics: 

- Movement of P to roots growing in soils. 

- Intensity and Quantity factors of soil and applied 

phosphorus. 

Each of the above topics is presented as a separate chapter 
of the thesis, followed by a chapter summarizing the whole investi- 
gation. Some of the research work reported here has been published 
elsewhere. Copies of the publications are presented in the Appendices 
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CHAPTER II 
MOVEMENT OF P TO ROOTS 


GROWING IN SOILS 


Review of Literature: 

Tewstudy OLsLon  wtranspone: to roots is rather new. It is 
only very recently that the importance of quantifying the processes 
at work around the roots has been emphasized. To obtain a realistic 
estimate of availability of plant nutrients in soils due consideration 
should be given to the movement of ions to the roots. 

In a soil-plant system, ions must move to the roots before 
they can be absorbed. Barber and coworkers (Barber, 1962; Barber 
(etgd) Os eOliversands barber, 1960a; 1966b; Halstead Pores 
1968) have shown that three processes involved in the movement of 
ions to roots are mass flow, diffusion, and root interception. 

They studied the relative importance of the three processes in 
supplyiner Gay eld eh eN4ainwehe., 9b, Cu, Zn, Al ,’.sr,and Mo to roots 
growing in soil. They determined the contribution of mass flow by 
multiplying the amount of water absorbed by the concentration of the 
ion in this water as measured by analyzing the saturation extract. 
The contribution of root interception was calculated by assigning 
all of the exchangeable and soluble ions to the soil pore space. 

The concentration of ion per cubic centimeter of pore space was 
multiplied by the volume of the roots to obtain the contribution 

of eratsle interception for each of the ions measured. Because of the 


uncertainty involved in the root interception calculation, Halstead 
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et al.(1968) determined the contribution of root ica pee by 
calculating the available ions in a volume of soil equal 

to the root volume. The contribution of diffusion was always de- 
termined by subtracting the contribution of root interception and 
mass flow from the total ions taken up. Nye (1968) remarked that 
the definition of the mass flow component as (amount transpired) 
X (unchanged initial solution concentration) is arbitrary and 
raised the question, why choose the initial concentration rather 
than the actual concentration at the root surface? 

The research work on the movement of phosphorus to roots 
is rather limited and contradictory. Some workers (Barber et al., 
1963; Olsen et al., 1962; Lewis et al., 1967; Nye, 1968) favoured 
ion diffusion as the major mechanism for movement of phosphorus to 
roots, In contrast, Shapiro et al. (1960) thought that the most 
probable mechanism for the movement of phosphorus to roots is mass 
flow. They contended that the diffusion coefficients for phosphorus 
in solution or on the particle as compared to diffusivity of water 
in the soil are too small for diffusion to have any appreciable part 
in the movement of P to root surface. Depending on the initial 
moisture content, the soil water diffusivity is 5 x 102 to 5 x 10° 
times greater than the apparent diffusion coefficient of phosphate 
ion in soil. However, some workers (Bouldin, 1961; Fried, 1967) 
seemed to take intermediate position. Fried (1967) suggested that 
the P concentration of soil solution would have to be 20 ppm or 
greater if all of the P moved to the roots by mass flow. Bouldin 


(1961), however, speculated that soil solution P needsto be 
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greater than 2 ppm if all of the P moved to the roots by mass flow. 

It is obvious from the above discussion that the relative 
importance of mass flow and diffusion in phosphorus movement to 
roots can not be categorically stated. It also seems that the defi- 
nition of root interception is based on many assumptions and needs 
further improvements. Therefore, this project was conducted with 
following objectives: 

1. To determine the role of mass flow, root interception 
and diffusion in phosphorus movement to roots. 

2. To make improvements in the procedures used for calcu- 
lating the contribution of mass flow and root interception in phos- 
phorus movement to roots, 

3. To find out the effect of adding phosphorus to soils on 
the contribution of mass flow and diffusion of phosphorus to the 
roots, 

flO. Bet erini ne the importance of soil solution phosphorus 


concentration in mass flow, diffusion and root interception, 
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Materials and Methods: 

The Ap of nine soils were collected to the depth of 0-15 cm 
in September, 1967, The legal locations of the samples are given in 
Appendix A. The soil material was passed through a screen (diameter 
of the openings - 0.6 cm) in the field. The soil clods were gently 
crushed and the stones and crop residues were discarded. The soil 
. was then thoroughly mixed using a large batch mixer. Portions of 
four soils (Calcareous Dark Brown, Carbonated Dark Brown, Eluviated 
Black (Angus Ridge) and Orthic Gray Wooded (Cooking Lake)) received 
treatments of 100 and 300 ppm of phosphorus before storage at 5° C 
and 75% available moisture. To apply phosphorus, the soil was spread 
evenly and thinly on a plastic covered bench top and KH PO, was 
applied in solution form by spraying slowly and uniformly. The soil 
material was thoroughly mixed during spraying and stored in plastic 
bags for sufficient time (>6 months)to get "an equilibrium'' between 

soil and applied phosphorus. After this equilibration time, the 
soils were removed from storage room as and when necessary. For 
growth room experiments, the stored moist soils were used as they 
came from the bags while for laboratory determinations, portions 
of the stored soils were air dried and crushed to pass through a 
2 millimeter sieve. 

Particle size analysis was done on all soil samples in 
duplicate by the pipette method as described by Toogood and Peters 
(1953). The percentages of sand, silt and clay were calculated on 
the basis of the oven dry weight free of organic matter, calcium 


carbonate and soluble salts. The methods as described by the U.S, 
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Salinity Laboratory Staff (Handbook 60, 1954) were used to determine 
tiem leldecapacity (l/3.atm) and the wilting point (15 atm). 

pH measurements were made using a Beckman pH meter equipped 
with glass and calomel electrodes in water ee OPO leM CaClo solution 
PoiiesomoOL MEOuLLdiid rattouorel:) 11 aDOtn cases.« AuomolitsCalci- 
meter was used to determine the calcium carbonate equivalent, This 
_method is based on the measurement of the increase in volume of a 
closed system due to release of carbon dioxide when acid is added to 
the soil sample. Total carbon was determined by using the Leco 
carbon analyzer (model 577-100). Organic carbon was estimated by 
difference between the total and inorganic carbon (as determined 
in the carbonate determination) contents. For determining free Al 
and Fe, one gram of soil was extracted with 40 ml of acid ammonium 
oxalate icc of pH 3.0. Al and Fe in the extracts were deter- 
mined by aluminon and o-phenanthroline methods respectively. Total 
phosphorus was sereenined by the HC1-HNO3-HF wet digestion method as 
outlined by Alexander (1968). Soil phosphorus was extracted by the 
Miller and Axley method (0.03 N NH,F + 0.03 N H,S0,) as outlined by 
Robertson (1962) and also by the Olsen method (1954). Phosphorus 
in the extracts was determined by the ascorbic acid reduced moly- 
bdophosphoric blue color method of Watanabe and Olsen (1965). 

Stored moist soils were used for the determination of phos- 
phorus concentration in soil solution at) field capacity (elias 
determination was done by extracting with 0.01 M CaCl» solution using 
PMineSOLimLO SOLULION. ratlosaGl lool loop: Oe NU m= OV ell EG lay, 


basis). Phosphorus in the extract was determined by the ascorbic 
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acid method of Watanabe and Olsen (1965). To ete the extremely 
low phosphorus concentrations found in some extracts, the modified 
ascorbic acid method (Omanwar and Robertson, 1969) was used. The 
method is described in the Appendix E. Phosphorus concentration of 
the extracts (ppm) was plotted against the grams of soil in 100 ml 

of solution. A straight line was then drawn and extrapolated to the 
‘moisture content at 1/3 atm to obtain an estimate of'the soil solution 
Py concentration at field capacity. This method is similar to one 
proposed by Aslyng (1964) except that 4 soil to solution ratios and a 
different plotting technique have been used. This method, hereafter, 
will be called the modified Aslyng's procedure. 

Eight months after the collection of soils, a plant growth 
experiment was conducted in a growth room. Three pots were filled 
(2000 g oven dry soil) with each of the soils used in this experi- 
ment (Table 1). Conquest barley was seeded and after emergence, 
thinned to six plants per pot in a randomized block design. Fifty 
ppm of N and S were applied to all the pots and fifty grams of 
perlite were placed over the pots to Fence evaporation losses. 

Soil moisture was controlled by weighing and watering the pots to 
1/3 atm. A soil temperature of about 15° C was maintained during 
the growth period and artificial light was supplied daily for 

16 hours. To estimate the evaporation losses, pots without barley 
plants were used. To estimate seed contribution of phosphorus, 
barley was grown in pots containing only perlite. Three weeks after 
emergence, the plants were harvested. The roots were separated from 


the soil and the root volume was measured with a pycnometer. Fresh 
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root weights were determined after blotting with paper towels. 

Mie Cops and roots were dried at 70° C, weighed, and eround to pass 
through a 40 mesh sieve. The plant samples were digested with 
HNO3-HC10,,-H5 SO, (Goss, 1962) and phosphorus was determined by the 
ascorbic acid method (Watanabe and Olsen, 1965). 

Phosphorus which moved to the roots by mass flow was cal- 
culated using a modification of the method of Oliver and Barber 
(1966a; 1966b). They estimated the soil solution concentration by 
using a saturation extract and used this concentration for calcu- 
lating the contribution of mass flow. We thought it more correct 
to obtain the phosphorus concentration at moisture content (1/3 
atm), the upper limit of watering in the plant growth room experi- 
ment. The procedure of estimating soil solution phosphorus concen- 
tration at field capacity is described above (modified Aslyng's 
procedure). 

To estimate the contribution of root interception in phos- 
phorus supply to the roots, soil solution concentration was multi- 
plied by the total root volume. The basis for the use of this method 
is the belief of the author that the maximum contribution of root 
interception to the delivery of ions to the roots is the weight of 
the ion contained in a volume of solution which the roots displace 
along their path of development, This approach contrasts with that 
of Oliver and Barber (1966a; 1966b) who included sorbed ions along 
theslbootspath in thercontri bution bys roursincerceptd on: 

‘To estimate the contribution of diffusion of phosphorus to 


roots, the method (Oliver and Barber, 1966a) of subtracting the 






afqued t97fq ittiw gadvahi btn stn sow 

wydy corm sy ban Chodetow 2 70T" +6 wat +b atau wane Tyee aged aft 
t A ti 7 LJ 

(iid hoadeeyth stow aslqmee gaatq ofl aves? twa OF & gue rdd 


aata v4 lbonttizo deb anit sapinidqudd); ns & River | wand) soeeh> ote pte 


(@8er oneal bow sdeasdeW) besoin base oti se9ee 





'i> gu Wold genom yd BI00% eit od. bevoer fourw su tidquennd fe. 
ied Kaa avvilO 70 baryon si9 do. solsscttbom s antes bereieg 7 


pba kiagnesnés netvpton lina sda boteintyeo yedt 6. Caaeer 7nboel) 
= : 

wiles yot tinkdantécasa5> eli bosem brs Jontixne solbiowiee 6 gate 

J JT je +4 pO = a } imwods oW , vi I I 3 > ill 1a hah Llu Pyare aif eoital 

P\T) ansdnno-s1ausiatou Is slttad@aseno> eiaodqeod: 9d9 nipage aa 


~heqts moet tivoiwg cost gf atega lapse io Sikh saggy odd (ade 


ohey aitedyeodg ‘notsvlas tos gaitambess 10 syuhsoowy off _,aaee 


s'gntleA balilbos) sveds bediusesh ti yitsequs bivkt Je gOrsaae 
_(ovubsoe3g 
~ectig-at. in bigssyotnr t0o7 ta autjod) ines sda sxenldses of 


Ligm fiyy notisyinsonds antjolos ig: eter oe oF Ulppee, aa 
ION ALT ? fr 70 B60 Bird wi et ti od aitl , Sit Vv sO" Ro) 4 Pras | va batig 


oot I Holnidivines mimtvem of9 Jed softs als Vo tedied ae al 


+ 


20 Matew olF 2f edoud 54 C4 Bal Ao yisyiish aft-os no lagged 
soniNetb 2jood sty ifoidw noitutoa to oumplov 2 of hontetdponed alle 


Seid My 2 Aau0%ctnes ESR abut ,dosiitotsvsh, Jo See tos wrols - 


qaale ile Sadzoe bobrlont ali Sb ‘fone fh) “‘qod-tad lyons: eee i 





Elis 


mass flow and root interception contributions from the total uptake 
of nutrient was followed. The uptake was first corrected by deduct- 
ing P derived from the seeds as estimated from the plants growing 
in perlite. 

Results and Discussion 

The soils used in this study had a wide range of Miller 
andy oxteye Fs (6-175: ppm). total 2 8(355-925),, solution P 
(0.02 - 44.65 ppm), CaCO3 equivalent (0.08 - 7,12 percent), organic 
GC PC 9 ~ 5.69 percent) and pl (5,2 — 7,8) (fable.2). ‘Thus the 
soils provided a wide spectrum of characteristics to study the 
movement of phosphorus in soils. 

The yield data (Table 3) showed that generally irs anes 
the dry matter of the tops, the higher is the dry matter of the 
roots and the volume of the fresh roots. It can also be noted that 
the yields on 2.untreated soils (Solodic Black and Orthic Gray 
Wooded - Glory) approximated that of 4 treated soils. The treat- 
ment of 300 ppm of P on four soils resulted in a distinct yield 
increase of both tops and roots. The total volume occupied by the 
roots in a pot was very small and varied from 8 to 26 cc, The 
transpiration eomioe ranged from 251 to 400 with an average devi- 


ation of 13 percent. 


Mass Flow 
_ The results (Table 4) showed that the contribution of mass 
Hlowsto the transport of P “to roots 15 4epercent or less for un- 


treated soils. For treated soils the range is’ from 74 to 192 percent. 
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More than 100 percent contribution implies the accumulation of P 
at the root surface since the supply of P by mass flow alone 
was greater than the total uptake. Under such conditions the con- 
centration gradient is away from the surface of the roots. No 
dUGiustOoneOl wb sto Toots canvoccur but back diitusion of P ‘can 
be expected. In contrast to treated soils, the untreated soils, 
no matter whether high or low in available P, could not supply more 
than 4 percent of P to roots by mass flow movement, The distinct 
increase in the mass flow contribution in the treated soils clearly 
showed the greater importance of mass flow of P in soils on which 
high doses of phosphatic fertilizers are broadcast. Further , 1S 
very likely that mass flow of P to roots may be the ma jor process 
of P movement in the case of band placement of phosphatic ferti- 
lizers where a high concentration of P is expected. 

The results (Calcareous Dark Brown treated with 300 ppm; 
Table 2 and 4) suggested that mass flow is the major process supply- 
ing P to the roots when the soil solution P concentration is about 
17 ppm or more. However, in the case of soils naturally high in 
available phosphorus (Solodic Black and Orthic Gray Wooded - Glory), 
where low rates of phosphatic fertilizers are usually applied, the 


mass flow of P to the roots seems to be relatively unimportant. 


Root Interception 
- The contribution of root interception was no greater than 
3 percent (Table 4) and in the case of the untreated soils it was 
much less than one percent, Thus root interception is not an 


important process in P transport. This conclusion is perhaps 
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not surprising in view of the definition of root interception used 
in this investigation. The author is of the opinion that the maxi- 
mum contribution of root interception can only be the quantity of 
ions in the volume of soil solution equal to the fresh root volume. 
The basis for this opinion is that the roots grow in the soil by 
displacine parteo! ethessoilssolids soil ssolution and ssoi) air, 

If it is assumed (as done in this investigation) that the displaced 
soil ysolutton is equal,.to.the fresh root «volume and that,all of this 
solution is absorbed by the roots, it follows that the value so 
obtained should represent the maximum possible contribution of root 
interception. This approach is in contrast with Barber's group 
(Barber et al. 1963; Oliver and Barber, 1966a; 1966b; Halstead etval, 
1968) who included sorbed ions in the root interception contribution. 
It is author's thinking that such inclusion of sorbed ions into 

root interception is not correct since any ions comprising part of 
the solid phase, or sorbed into it, must pass into solution before 
moving by mass flow and/or diffusion toward the absorption sites of 
the roots. I agree with Low (1962) in doubting that the root absorp- 
tion sites (Hagen et al., 1957) approach the solid phase closely 


enough to permit direct contact exchange. 


Apparent Diffusion 
The results (Table 4) indicated that the apparent diffusion 
of P to the roots was the major process of P movement in soils 
receiving no Pe treatment... dt. is vinterestinesto note that even 
in soils (Solodic Black and Orthic Gray Wooded - Glory - Table 2 


and 3) which gave yields equivalent to that of P treated soils, 
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the contribution of diffusion to P transport was more than 96 
percent. 

Since the contribution of diffusion was calculated by 
difference (total uptake minus mass flow and root interception), 
the errors in estimating mass flow and root interception affect 
to a great extent the amount of P calculated as diffusing to roots. 
However, there are many problems in estimating directly the amounts 
Glatt sdriiusing tothe roots, Fried (1967) reported that the 
published values of the P diffusion coefficient varied by a factor 
of 10’. Determination of the effective absorbing surface area of 
roots and root hairs growing in soils, the magnitude of the concen- 
tration gradient and the distance over which the qouesiedyaten 
gradient exists are some of the parameters which are difficult to 
measure with any great degree of accuracy. Since the maximum mass 
flow and root interception contributions can be estimated more 
precisely, the indirect estimation of P diffusion appears satis- 
factory. 

The results of the present experiment for P untreated 
soils generally agreed with the observations of Barber (1963), 

Lewis et al, (1967) and Olsen et al. (1962) and disagreed with those 
of Shapiro ét ali(1960) 0" The resultsvofithe ©P* treated’ soils are 
not comparable since work of this type has not been reported in the 


Piveratume. 


P Concentration and Movement of P 
Since the soil solution P concentration is a component 


of mass flow, root interception and diffusion, one would expect 
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it,to be an important factorn, in the delivery of P to the roots no 
matter which process is involved. An equation of the following type 
is helpful in understanding the role of soil solution P concentration 


in P movement to roots. 


Total (contribution) (contribution) (contribution) 
pees of y+ ¢ Of Bootie) AG of Vie ee et} 


uptake ( mass flow  ) (interception) (sdittusion > 


If the values used for the calculation of the contribution of mass 
flow, root interception and diffusion are inserted into equation l, 


Teerearecs the form: 


Total P uptake = (,V,,) + (oe) ree CDs ae xf athe. wage?) 
Where c = Soil solution P concentration, 
V,. = Volume of water transpired 
V, = Volume of the fresh roots 
DES e=ePDLErusionYcoefficient of P 
A = Area of diffusion 
<< = Concentration gradient 
T = Growth period in seconds 


Theslast)cerm in equation 2 is*Fick*s first law of diffusion which 
is used here for simplicity of discussion. 

It is obvious from the equations that the higher the soil 
solution P concentration, the higher is the contribution of mass 
flow, root interception and diffusion, Application of this theo- 
retical approach to the experimental results brings out some 


interesting points. When the soil solution P concentration was 
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Corrvelatedwwithathe total) P uptake, “a correlation of 0,82 

(P = 0.05) was obtained. Using the dry matter yield instead of total 
Peeuptake.waccorre stiong(Hicures) )sof0,co..P = 0,02) was obtained 
between yield and the soil solution P concentration. These 
experimental findings suggested that about 67 percent of the variation 
in the P uptake can be explained by soil solution P concentration 
alone. This relationship between P uptake and soil solution P 
concentration seems to be less than what may be expected from the 
equation 2. 

However, it may be noted that the soil solution P _  concen- 
tration would change during the plant growth and also that the soils 
may differ in their abilities to supply P to the solution around 
the roots. Furthermore, the variations in evapotranspiration; 
"yhizosphere effect'' which may alter the soil solution P concen- 
tration and/or nutrient uptake; and thermal gradients which may 
affect the aN eration and water movement may also influence the 
relationship between P uptake and soil solution P concentration. 
Nevertheless, the correlation of 0.82 between P uptake and soil 
solution P concentration does indicate the importance of soil 


solution #© concentration in supplying P . to roots: 


Conclusions 
Gi)” Mass flowsot ) Pomtostnemsoots 1s) theimost esicniticant 
process in the transport of ~P) in soils streated) with nigiedoces 
eee Mw rd it is likely to be an important process in soils where 


phosphatic fertilizers are band placed. 
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C2) se DiEfusion of “Pietorsthesroots is found to be a major 
process of P transport in untreated soils. 

(3), Roo€simnterception ofr Mts not important in the over- 
alle Pe transport, process. 

(4) Since diffusion of P appeared to be the major process 
supplying P to the roots in untreated soils, a study of P 
diffusion particularly on _P deficient soils is worth considering. 

(5) ‘Since the soil solution P concentration affects the 
amounts of P moving to roots by mass flow, diffusion and root 
interception, the importance of determining P in the soil solution 


is emphasized. 
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CHAPTER IIT 
INTENSITY AND QUANTITY FACTORS 


OF SOIL AND APPLIED PHOSPHORUS 


Review of Literature 

In the early stages of agricultural development the general 
characteristics of different soil types can give valuable information 
about phosphorus requirements. Intensified crop production, differ- 
ential effects of cropping and fertilizer applications, and exist- 
ing natural soil heterogeneity progressively make it very difficult 
to predict the capacity of soil to supply phosphorus to plants. 
Recent trends in soil chemistry and fertility increasingly give 
consideration to more than one factor that may be of matte for 
under standing better the capacity of soil to supply phosphorus to 
plants. The intensity and quantity factors, in addition to the 
rate factors discussed in the previous Chapter are of special 
importance in studying the complex system of soil in relation to 
plant growth. However the intensity and quantity factors are 
concepts which are very difficult to define. In the present text, 
the intensity term is used to indicate the properties of the soil 
phosphorus that affect the ease or difficulty of phosphorus with- 
drawal by plants. The quantity factor refers to the total amount 
of nutrient reserve in the soil that is available to plants. These 
subjects are reviewed under the following captions. 

Intensity factor 


Quantity factor 
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"A" value technique 


Conclusions 


Intensity Factor 

The use of the intensity concept is a fairly recent develop- 
ment in the study of soil phosphorus. Although some early work on 
solution phosphorus was done by Parker (1927b) and Teakley (1928), 
Schofield (1955) placed emphasis on the intensity factor. He 
suggested that availability of soil phosphate is mainly determined 
by the appropriate chemical potential. He proposed the phosphate 
potential, defined as pH»PO, + pCa, to describe soil phosphorus 
availability and claimed that it is not the amount of available 
phosphorus in a soil that primarily controls the uptake of phosphate 
by plants but the work needed to withdraw it from the pool. Follow- 
ing Schofield, his students (Aslyng 1964, Beckett 1964) developed 
further the concept of phosphate potential. The work is mostly 
concentrated on the measurement of phosphate potential (Aslyng, 
1964; Gough and Beaton, 1963; Beckett and White 1964; Fordham, 1963; 
Larsen and Court, 1960; Ramamoorty and Subramaniam, 1960; White and 
Beckett, 1964). Effects of soil: solution ratio (White, 1966; 
Larsen and Court, 1960; Larsen and Widdowson, 1964; Aslyng, 1964), 
temperature (Aslyng, 1964; Beckett and White, 1964), duration of 
shaking (Fordham, 1963; Beckett and White, 1964; White and Beckett, 
1964) and microbial changes (White, 1964) on the phosphate potential 
are some of the variables encountered in the phosphate potential 


work, According to the author's thinking, these difficulties are 
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not serious enough to discard the idea of measuring phosphate poten- 
tial. More serious objections to the phosphate potential concept 
were raised by Fried (1967) and Wild (1964). Fried argued that the 
solid soil-phosphate phase is definitely not monocalcium phosphate 
and that there is no particular indication that phosphate is taken 
up by the plant as monocalcium phosphate, On the basis of this 
argument he claimed that it is very difficult to see how the mono- 
calcium phosphate potential is an improvement over the measurement 
of phosphate ion concentration in the soil solution. He further 
remarked that the measurement of phosphate potential may be useful 
for categorizing soils in a chemical framework but that it neither 
characterizes the soil in a plant nutrition frame work nor fie: 

in understanding the nature of the soil supply of phosphorus to 
plants, Wild found that phosphorus uptake by plants from solutions 
of about the same composition as soils is determined by the phos- 
phorus concentration and not by the potential. In addition to the 


above arguments, the phosphate potential only takes into account the 


activity of H,P0q ion while it is known that both H,PO, and HPO, 


ions are taken up by the plants. Several solution culture experiments 
(Asher and Loneragan, 1967; Loneragan and Asher, 1967; Parker, 1927a; 
Russell and Martin, 1953; Tidmore, 1930) and excised root studies 
(Fried et al. 1957; Overstreet and Jacobson, 1946) also seem to 
support the view that the solution phosphorus concentration is a 

very a Ene factor affecting the uptake, 


It is obvious from the above discussion that the intensity 
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factor has been estimated by measuring either the phosphate potential 
or simply the phosphorus concentration. The author is impressed 
by the findings of the previous experiment (Figure 1), and thinks 
that the determination of soil solution phosphorus concentration 


is satisfactory enough to estimate the intensity factor. 


Quantity Factor 
In view of the complex nature of the soil system, it is 
often difficult to choose the soil factors that can be said to be 
completely independent or dependent of each other. Intensity and 
quantity factors are no exceptions. Therefore, it is desirable to 
study both these factors together. The literature on the quantity 
factor is very extensive. Comments on the approaches rather than the 
specific details of the methods used in the measurement of the 
quantity factor of soil phosphorus are thought to be more approp- 
riate for the present review. On the basis of the approaches, the 
- methods used for measuring the quantity factor are divided into 
the following groups: 
Extraction Methods 
Acid extractable phosphorus 
Alkali extractable phosphorus 
Salt extractable phosphorus 
Fractionation of soil phosphorus 
Isotopic tracer techniques 


Equilibrium Technique 
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Extraction Methods: Many extracting solutions, including 
CO, saturated water, organic and inorganic acids, salts and bases 
have been tried by various investigators to extract the "available 
phosphorus" of the soil. The amount of phosphorus extracted by 
the reagents is compared to the phosphorus uptake or the yield. 
If a good statistical correlation is obtained, the particular ex- 
tractant is selected for further use to measure available phosphorus 
in the soils. In the case of poor correlation, many variations 
and modifications with respect to the strength of the reagent and the 
incorporation of the chemical reagents are tried to suit the specific 
conditions and soils being tested, This approach leads to an endless 
series of fertilizer trials designed. for correlation with an ever 
increasing number of hit-or-miss extractions (Nye, 1963). Nye (1968) 
further commented that it is strange that this approach coexisted 
so long with the clear demonstration by the plant physiologists that 
the rate of uptake of nutrients in short supply was roughly prop- 
ortional to their concentration in a nutrient culture solution. 
Larsen (1967) was of the opinion that methods based on chemical 
extraction are of little value, since they will cause redistribution 
of the soil compounds during the extraction procedure and, in any 
event, do not act specifically on single compounds. Larsen (1967) 
further expressed a sincere distrust of soil phosphorus studies 
that have involved the soil under investigation coming into contact 
with strong chemical reagents because these bring about an extensive 
and uncontrolled redistribution of the soil phosphorus. No doubt, 


the approach used in the chemical extraction methods is somewhat 
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empirical and in any case not the best. Although Bray (1948) and 
Olsen et al. (1954) tried to show some theoretical basis for their 
chemical extractants, none has received universal application. 
Several chemical extractants have been tried and some of them have 
become much more common than others. A few of the common extract- 
ants are: acid extractants of Bray (1948), sodium-bicarbonate of 
onan et al. (1954), sulfuric acid + ammonium fluride solution of 
Miller and Axley (1956) and dilute sulfuric acid of Truog (1930). 

Since the soil phosphorus fractionation procedure (Chang 
and Jackson, 1957; Glenn, 1959) is based on the same approach 
(selective chemical extraction of soil phosphorus) used in the 
extraction methods described above, it suffers from the Ay ee cacca 
of disturbing. the natural chemical framework of the soil and 
resulting in possible redistribution of compounds during the extrac- 
tion. However, some workers have used the procedure in the availabie 
soil phosphorus work (Al-Abbas and Barber, 1964; Halstead, 1967; 
Jenkins, 1966; Kaila, 1965; Alexander, 1967) and also in pedogenesis 
work (Alexander, 1967; Dahnke, et al., 1964; Hawkins and Kunze, 

1965; Westin and Buntly, 1967). A rather detailed review on fraction- 
ation of soil phosphorus is given by Alexander (1967). 

In general, it would appear from the above discussion that 
the extraction methods may cause some disturbance to the natural 
chemical framework of the soil and thus may bring about the redistri- 
bution of compounds during the extraction, Therefore, such an approach 
to measuring available phosphorus is not likely to become universal. 


Certainly some extraction methods can be found very useful for a 
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particular group of soils and they may become popular because of 
their simplicity. 

Isotopic tracer techniques: "Isotopically exchangeable soil 
phosphorus", "Labile soil phosphorus", "Surface soil phosphorus", 
and E- values are common terms used in the soil literature. 
Basically, all these terms are related in that the measurement of 
available phosphorus is attempted by use of isotopic tracer tech- 
niques, Russell, et al. (1954) preferred tomise the term ‘Labile 
soil phosphorus", Larsen (1967) defined the labile term for soil 
phosphorus as that fraction of soil phosphorus which can enter the 
soil solution by isoionic exchange within an appropriate time span. 
This term was abbreviated by Russel et al. (1955) to "E" Pals. 
In the present text the term E value will be used for isotopic- 
ally exchangeable phosphorus, McAuliffe et al. (1948) and later 


325 


Olsen (1953) believed that the initial, more rapid, step of 
exchange involved only the phosphorus on the surface of solid 
particles and consequently named this fraction, "surface phosphorus", 
Since isotopic exchange of phosphorus between soil and the 
solution in which it is suspended occurs continuously, the kinetics 
of 325 exchange can be studied by analyzing the relationship 
between time and the loss of oS from the solution phase, This led 
Talibudeen (1958) and Arambarri and Talibudeen (1959a) to subdivide 
isotopically exchangeable soil phosphorus according to the number 
of reaction steps, fast or slow. This principle has recently been 


used by Tondon et al. (1969) to study the exchange characteristics 


of Fe and Al bound phosphorus fractions of soils. 
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Since the soil phosphorus that takes part in the fast 
exchange reaction step was thought to be more important in deter- 
mining the available phosphorus, an appreciable effort was made to 
find out a suitable time period to cover the initial more rapid 
reaction step. Some of the exchange reaction periods suggested 
are half hour (Amer, 1962; 1969), one hour (Rennie and McKercher, 
1959; Beckett and White, 1964), 24 hours (Chu and Chang, 1966), 

48 hours (Russell et al., 1954), 60 hours (Dunbar, 1965), 96 hours 
(Al-Abbas et al., 1967) and 168 hours (Russell et al., 1955). 

It is, of course, not very surprising that widely different 
suggestions with respect to the time period have been made since the 
time of reaction to cover the initial fast reaction step depended 

on the experimental conditions and soils being tested. Other factors 
also seemed to affect the exchange reaction such as the presence of 
organic anions (Arambarri and Talibudeen, 1959a), exchangeable base 
status (Arambarri and Talibudeen, 1959b; Russell et al., 1954) and 
temperature (Arambarri and Talibudeen, 1959c). In general, it seems 
more desirable for a complex system such as soil to use shorter 
exchange time periods since longer periods may cause microbial inter- 
ference (White, 1964) and side reactions such as crystal growth and 
tracer occlusion (Amer, 1962). 

Although there are some difficulties involved in measuring 
the Evalue, the approach used seems to be less arbitrary than 
that of chemical extraction methods. Loosely bound and surface soil 
phosphorus is likely to participate in the initial fast exchange 


reactions and also likely to be a source of available phosphorus to 
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the plants. Moreover, the method of E value measurement causes 
less disturbance of the soil system than the chemical extraction 
methods discussed earlier. Therefore, the determination of ..E walue 
seems to have a special place in soil phosphorus work, It seems 
desirable to measure it in any study of the quantity factor. 
Equilibrium Technique: A rather unique approach for estimat- 
“ing the quantity factor has recently been proposed by Beckett and 
White (1964) and White and Beckett (1964). The approach also allows 
concurrent estimation of the san eager phosphorus concentration 
and the phosphorus buffering capacity of the soil. The basis of 
the approach is that when a soil is equilibrated with solutions of 
known varying phosphorus concentration, the amounts of phosphorus 
(OP) gained or lost by the soil in coming to equilibrium with each 
solution can be calculated from the loss or gain of phosphorus by 
the solution. From a graph of SP values plotted against the 
respective concentrations of the solution in equilibrium with the 
soil, AP can be extrapolated to the zero solution concentration 
(Figure 3). The P value at zero solution concentration is called 
Qo or "net exchange sites" (White and Beckett, 1964; Beckett and 
White, 1964). Qo (met exchange sites) measures the amount of phos- 
phorus which must be removed if the solution concentration is to 
be reduced to zero. According to Beckett and White (1964), phosphorus 
held at net exchange sites is capable of isotopic exchange with 
Ho BaeOeecons in the solution. From the same graph (Figure 3) it 
is also possible to interpolate Ie, the solution concentration 


Qo 
at AP ‘value of zero. . The slope of the line, [o> is the phosphorus 
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buffering capacity (Figure 3) of the soil. 

It is obvious from the above discussion that the approach 
attempts to relate the quantity factor (Qo) with the intensity factor 
(Ie) for a soil. Since the slope of the line ae could differ 
from soil to soil, different Qo values could be obtained for the 
same Valles Ore Lee  Jhiis would,eor course, make it dirticult to 
compare the soils without considering the slope of the line. In 
general, the proposed approach seems to be excellent for studying 
a complex system such as the soil since it is based on equilibrium 
principles. More work is needed to test the importance of this 
approach in studying the capacity of soil to supply phosphorus to 
plants. 

"A" Value Technique 

The significance to plants of the intensity and quantity 
factors reviewed earlier can only be assessed by plant growth experi- 
ments. Some of the routine methods involving the growth of plants 
under controlled conditions are Neubauer and Mitscherlich techniques. 
A rather unique technique ("A value") to study the soil-plant system 
in relation to nutrient availability has been proposed by Fried and 
Dean (1952). thes method has an advantage over the Neubauer and 
Mitscherlich procedures in that the plants do not have to be grown 
under abnormal conditions of severe nutrient stress. In short, 
this technique for measuring the amount of available nutrient in 
soils involves the introduction of a known quantity of a standard 
source of the nutrient under consideration into a soil. The desired 


crop is grown and the proportion of the total nutrient absorbed 
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that was derived from the standard source is determined, The amount 
of available nutrient in the soil, "A'' value is calculated by 


use of the equation: 


A = B (1-y) oeceoeeeee (3) 
y 
where, A = amount of available nutrient in soil, B = amount of 


available nutrient in applied standard and y = proportion of the 
nutrient in the plant derived from the applied standard. The 
determination of y can best be accomplished by use of radioactive 
or stable isotopes. 

The derivation of this equation is based on the assumption 
that a plant when presented with two sources of a eae nutrient 
(soil and applied standard), will absorb nutrient from each of these 
sources in proportion to the respective quantities available in them. 
However, the concept for measuring soil nutrient by this method is 
similar in principle to the well known technique for analysis by 
isotope dilution method where the addition of an isotopically label- 
led compound to an unknown mixture is followed by isolation of the 
same compound from the system. The specific activity of the original 
compound is then compared with the isolated sample and the amount 
of compound in the unknown mixture is then calculated. If soil is 
considered as the unknown mixture, the fertilizer standard as the 
labelled compound, and the plant as the isolation method, the simi- 
larities between the isotope dilution method and "A" value method 


for measuring the available soil nutrient become obvious. 
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man value technique has i used extensively for phosphorus 
work (Lathwell et al.5° 1958; Hunter, et al’, 1961; Mistry, 1962; 
Rennie and Spratt, 1960; Shapiro, 1958; Armiger and Fried, 1958; 
Beatonusetoal., 1962; Kalra and Soper, 1968; Ozbek, 1966) and to 
some extent for work on Zn (Shaw et al.,, 1954), Ca (Fried and Dean, 
T9a2) oN Lege and Allison, 1959)eand|S (Harward et al., 1962). 
} Although, the "A" value technique has been used very exten- 
sively, some problems do arise because of the tendency of reaction 
between soil and applied reset e (Russell, et al. 1954). To mini- 
mize this reaction either a band placement of fertilizer standard 
or a relatively insoluble resin phosphorus can be used (Rennie, 1960). 
The use of large particle size of the fertilizer standard and coating 
the fertilizer standard are also suggested to reduce the interaction 
between soil and applied phosphorus (Fried, 1964; 1967). Ideally, 
there should not be any interaction between soil and applied phos- 
phorus and both the sources should be equally accessible to the 
plants. Fried (1964) has outlined the idealized conditions for 
the measurement of "A" value (Table 3-). 

It appears from the review on "A" value technique that 
if due care is taken to satisfy the conditions outlined by Fried 
(Table 5), "A" values for soil should give very valuable infor- 
mation on the soils. Every attempt was made to satisfy the conditions 


outlined by Fried (Table 5) in the present research project. 


Conclusions 
It becomes apparent from the literature review that numerous 


approaches have been made to assess the phosphorus status of the soil. 
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Table 5 Idealized Conditions for "A" Value Measurement 








Sub ject Required conditions 
Nutrient referred to Any nutrient 
Type of measurement Greenhouse or growth chamber 
Solubility of added salt Arbitrary 
Medium measured Any source of nutrient 


(soil ,on Bertilizers) 
Sampling device Plant 


Extent of interaction 


with soil , None 
Chemical entity measured Not defined 
Duration of experiment As short as necessary to make 


an accurate measurement 
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Not surprisingly, there is no agreement on any one approach. The 
basic reasons for having numerous approaches seem to be the complex 
and widely different chemical framework of soils, the disturbance 
caused to the soils during measurement, the experimental difficulties 
encountered in the measurement such as’microbial, temperature, and 
soil solution ratio effects and above all the complex nature of plant 
growth effects. There seems to be a great fundamental need to study 
and understand the intensity and quantity factors as measured under 
the conditions causing least disturbance to the soil. The soil 
solution phosphorus concentration and the E value need to be in- 
cluded when studying the quantity and intensity factors. Since the 
chemical erin methods are presently used for soil testing 
purposes all over the world, the comparison of some of these methods 
with E value is very necessary. 

In addition to the fundamental need of studying more about 
the intensity and quantity factors and testing the approach suggested 
by Beckett (1964) and White and Beckett (1964), there is a great 
need to initiate such research work on soils of Alberta. No attempt 
has been made on these soils to study the soil phosphorus system 
by the methods that cause least disturbance to the soils during the 
measurement, No information is available on the fate of applied 
phosphorus to these soils. Since every soil is an entity formed 
under unique environmental conditions and has unique physical and 
chemical features, a study of the phosphorus status of these soils 
itself should form an independent and fundamental research project. 


In view of the discussions given in the review of literature 
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and the comments presented above, it was thought desirable to study 
the intensity and quantity factors of soil and applied phosphorus 


on some sovls of Alberta. 


Materials and Methods 
Some physical and chemical properties of the soils under 
| study are given in Appendix B. The methods used for determining 
the physical and chemical properties of the soils have been described 


in the previous chapter. 


Intensity and Quantity Factors of Soil Phosphorus 

Equilibration and Extraction: To determine the equilib- 
rium phosphorus concentration (Ie), the net exchange sites (Qo), 
the phosphorus buffering capacity (PBC) and isotopically exchangeable 
phosphorus fe equilibrium phosphorus concentration (Ee), 5 g samples 
of soil were transferred to each of four polypropylene tubes. To 
the tubes were added DO-ml of 0,0h M CaCl, solution containing one 
of four phosphorus concentrations. The phosphorus in the CaCl»5 
solutions was labelled with 32px in the form of H3P0,. For each 
soil, 4 standard phosphorus concentrations in duplicate were used 
Pivinewa total or 8 soil suspensions for each soil.” hese were then 
shaken for one hour on a wrist action shaker, The suspensions were 
filtered through a Whatman No. 42 paper and the clear filtrates 


325° 


were analysed for inorganic phosphorus and 
Phosphorus Determination: The inorganic phosphorus content 


of the filtrates was determined by the ascorbic acid method (Watanabe 


* 325 was obtained from the Atomic Energy of Canada Ltd., Ottawa, 
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and Olsen, 1965). The phosphorus contents of the 0.01 M CaCl, 
solutions added to soils were already known and will be called standard 
phosphorus solutions. The 32p contents of the standard phosphorus 
solutions and the filtrates were determined by using the Gas Flow 
Counter. The solutions were transferred to cup shaped stainless 
steel planchets and then evaporated to dryness before counting. 
The Gas Flow Counter was adjusted to record 10,000 count s for each 
sample to give a standard error of counting near one percent. 
Calculations and Plotting: The amount of phosphorus gained 
(+ 8P) or lost (-AP) by the soil in coming to equilibrium with each 
standard phosphorus solution was calculated from the difference 
between the phosphorus concentration of the standard SAREE 
solution and the filtrate after equilibration. The gain or loss 
(4 P) of phosphorus was then plotted against the respective phos- 
phorus concentration (ppm) of the filtrate as shown in Figure 2, 
A good linear relation was observed and hence a straight line was 
drawn. The phosphorus concentration at the zero loss or gain of 
phosphorus was interpolated, This is the phosphorus concentration 
(Ie) with which the original soil undergoes no net exchange of phos- 
phorus during the equilibration time (Figure 2). 
The intercept (Qo or net exchange sites) on the AP axis 
of Figure 2 measures the amount of phosphorus which must be removed 
if the concentration is to be reduced to zero, The phosphorus buf- 
fering capacity (PBC) was calculated by dividing the Qo by the Ie , 


Qo BO TsiE obviously the slope of the line (Figure 2). 
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PHOSPHORUS CONCENTRATION 






I, 
THE EQUILIBRIUM CONCENTRATION 


Figure 2 A Typical Plot Showing the Relationship between 
Intensity, Quantity and Phosphorus Buffering Capacity 


+AP 


-AP 


Figure 3 A Typical Plot Showing the Relationship between 
Isotopically Exchangeable Phosphorus and 4 P Values 
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the first step in the calculation of the isotopically ex- 


changeable phosphorus was to obtain E, from the following equation: 


Ey = (¥-¥t) x, 08 the 
Yt 


where Ye? initialmradvoactivity of the standards solution, 
Y~ = radioactivity of the filtrate, 
A, =" quantity of phosphorussin the filtrate 

and E, = the quantity of phosphorus in the soil after an 


equilibration time of one hour that had undergone isotopic exchange, 
The value of E, was calculated for each standard solution and then 
the values of A P for each soil were plotted against the respective 
Values Ore 1, Mastshown tinvl igureiis getsince tthe plotting of the 

data showed a good linear relationship, a straight line was drawn. 
Bromuchic tine,” the valuexofit Em tls P= 10 (Ee) was interpolated. 
This is the quantity of isotopically exchangeable phosphorus at the 
equilibrium phosphorus concentration, 

Reliability of the Techniques Used: The approach for ob- 
taining the various parameters described above is the same as the 
one proposed by Beckett and White (1964) and White and Beckett (1964). 

The See of the equilibrating solution, the time 
of equilibration and the method of calculating the parameters are 
the most: important factors that affect the reliability of the 
techniques used. The 0.01 M CaCly solution was used to keep the 
soil tee and thus obtain clear filtrates. Any colloidal 


material “inthe filtrate would “affect sthe 32p determination 
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(Fergus, 1967) and possibly the determination of the inorganic phos- 
phorus in the extracts. The CaCl, concentration of 0.01 M is not 
high enough to cause any appreciable changes in the various para- 
meters being measured, First, Ca is the dominating exchangeable 
cation in many soils, and secondly Larsen (1967) found no effect 
of calcium chloride concentration on the phosphate potential of 
acid soils. He calculated the maximum error of the phosphate 
potential to be 0.27 units in a calcareous soil equilibrated with 
0.01 M CaCly solution. William (1967) indicated that the water and 
CaCl, extracts could serve as convenient alternatives to measure the 
intensity factor of the soil phosphorus. Schofield, as quoted by 
Larsen (1967), suggested that the effects of soil to solution ratio 
and ionic strength on phosphorus concentration can be reduced by 
Stancaratzine: the soil to. solution ratio at 1:10 and using-0:.01 M 
CaCl9 as extractant. Many workers have used the 0.01 M CaClo5 
solution in aT te work (Aslyng, 1964; Beckett and White, 1964; 
White and Beckett, 1964; Williams, 1967; Mattingly, 1965; White, 
1965; Talibudeen, 1957; Gunary and Sutton, 1967; Barrow, 1967b). 
Therefore, it was thought that 0.01 M CaCl, solution would be suitable 
in the equilibration work. 

The equilibration time of one hour was selected since some 
preliminary work showed that most of the 32p in the equilibrating 
solution exchanged with the soil phosphorus in the first hour. 


32p exchange (reported 


32p 


Subsequent experiments on the kinetics of 
later on) showed that more than 90 percent of the of the 


equilibrium solution exchanged in the first one hour, This indicated 
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that satisfactory equilibrium conditions are obtained in one hour. 

The work of Khan (1967) on some soils of Alberta established that 

one hour is sufficient to obtain equilibrium conditions between 

soil and solution phases. A longer time of equilibration (> 4-8 hrs) 

may cause microbial interference in the determination (White, 1964). 
The use of equation 4 to calculate the Ee, involves the 

assumption that all phosphate held in the soil that has undergone 

isotopic exchange is in isotopic equilibrium with the solution 

analysed. Following Beckett and White (1964), the author used the 


equation with this assumption in the Ee determination, 


Kinetics of 32p Exchange 

Three Orthic Gray Wooded soils (Cooking Lake, pres and 
Glory) from the Luvisolic Order and one Orthic Brown soil (Maleb) 
from the Chernozemic Order were selected for this study. The soil 
samples (5 g) were transferred to polypropylene tubes to which were 
then added 50 ml of 0.01 M CaCl, solutions with phosphorus concen- 
trations equal to the respective Ie concentrations of soils. Ie 
concentrations for all these soils were known from the previous 
experiment. He Ae in the solutions was labelled with 32p. 
The soil suspensions were shaken on a wrist action shaker for various 
time periods ranging from zero to 16 days, The tubes were occasion- 
ally opened to aerate the suspensions, The same procedures as 
described in the previous section were used for the filtration and 
32p determination. The calculation of isotopically exchangeable 


phosphorus for various time periods was done using equation 4, 
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The value of X, was a constant since 32p exchange took place 


under equilibrium conditions, 


Fractionation of Soil Phosphorus 

Inorganic phosphorus fractionation of the soil, in duplicate, 
was carried out according to the procedure outlined by Alexander 
(1967). The procedure is essentially the same as that proposed by 
Chang and Jackson (1957) and modified by Glenn et al. (1959). The 
determination of inorganic phosphorus in the various extracts was 
done by the ascorbic acid method instead of stannous chloride method. 
The forms of inorganic phosphorus along with the extractants used 


are given in Table 6, 


"A" Value Experiment 

The reaction of the applied phosphorus with the soil and 
the accessibility of soil and applied phosphorus to the roots were 
important considerations for the "A" value experiment. In order 
to have equal accessibility of soil and applied phosphorus, the 
phosphorus source was thoroughly mixed with the soil. To reduce 
the reaction of applied phosphorus with the soil, a relatively in- 
soluble 32P labelled anion exchange resin was used as a phosphorus 
source and the duration of the plant growth experiment was kept 
as short as possible. 

Amberlite IR-4B, weakly basic anion exchange resin was equi- 
librated following the procedure of Rennie (1960) with tagged phos- 
phorus solution (KHoPO,). In short, the reagent grade KH PO, was 


dissolved in distilled and demineralised water and sufficient 


i : F . aoe’ os 
5 . _ re - i - a : : ie oe y 
; : ee 


ay 
4 





7" <¢° J 
ast 


P » 4 
wont Hood synuilone “ 


sonte JasJengo & 2AW _ yh 


ad 
: 







saw 2% bess oO ie Ora", j ; J J iJ es a ry Pun 4 >) Semrtaris 


ay 
aidansie. % ' ii busijai bios sidvesel ao 


' : _ a 
7 HOT DP TM | sinngavent To garmk ant 


novig 578 
ig 3 










e 













- 


oldieang 
7 


— 

- 7 2 7 : F : . 

oe neeanall Spneiloxs colan sained yiiugw sde-Hl S33) 
ae = 


SlLins 





atte Ses 4 ad Root? } SLi + 10 athe sa NG ony gaiy 






AO 


> 7 - fo) nm 2. - 
4 Ars sdevg ap > 97 ot oie cs) ja tr 
; = 






. 


Tide 


peuTWIS}Op JON x» 
—- = eS SO UL Ul KF 8 eee 
70s °H NS*O fala punoqg-wntojze9 


HOPN NTO punoq-uoiAT-wnuTUNTe pepntor909Q~ 


fQOHEN W 1 pue 
‘aqTUOTYITp WNTpos 








“o7eIITD WNTpos WE’O punoq-uoAT eTqnTos jueIONpeysy 
HOPN NTO . d-94 punoq-uo lq 
Z°8 Hd ‘a7HN NS‘O d-1¥i punoqg-wnutunt,y 
10 7HN No’T punoq ATesooT snj{d eTqnjtos AaAeMy 
quezDe1AxXY uoT IeTASAQGqY snioydsoud otuesiz0ut Jo swiog 
dAnpess0I1g 


uosyoer pue Sueuy PeTJTpoW ey} UT posg suv }0e 19x ey} pue sniaoudsoug 2TUesACUT Fo swAO_y YQ YTqQeI 











as 
7] 


a 
‘so nl waetonnd as San meal stage ae 





7 


—— 


podseivesddé seroact — 1 


ose 





sae yo.i . bowed yietool aulq a 
Siig st Me 0. G=fA 


a . Hoch uO ce 


(ein 7935 miboe ME .9 bnved-qogh oF 
sinotdsit metho? ; 
pOTHn - 4 f bee 
HOw ici 0 bavodaneskamtn 


he of We. * 7-59 








pines 


325% (approximately 2000 EG ieee} in the form of HPO, was then added 


to the phosphorus solution, A subsample of this solution was stored 
for measuring specific activity at the time when plant samples were 


to be analysed for 32 31 


Re and P, For determining the phosphorus 
content of the resin, the air dry resin was wet ashed (Goss, 1962) 
and phosphorus in the extracts was determined by the ascorbic acid 
method, The appropriate quantity of air dry resin was then weighed 
to apply 14 ppm of P to the soils for the growth room experiment. 
A plant growth ear was conducted in a growth room. 
Four pots were filled (800 g oven dry soil) with each of the soil- 
resin mixtures. The soils used in this study are given in the 
Table 1. Conquest barley was seeded in a randomized block design 
and after emergence thinned to 4 plants per pot, Fifty ppm of N 
and S and 122 ppm K were applied in the solution form to all pots. 
Twenty g of perlite were placed over the pots to reduce evaporation 
and formation of a crust on the sur face, Soil moisture was control- 
led by weighing and watering the pots to the 1/3 atm, A soil temper- 
ature of about 15° C was maintained Ayres the growth period and 
artificial light was supplied daily for 16 hours. One hundred ppm 
of N (NH,,NO3) in the solution form was supplied in two equal doses 
during the growth period. Three weeks after emergence, the plant 
tops were harvested. They were dried at 70° C, weighed, and ground 


to pass through a 40 mesh sieve. The plant samples were digested 


with HNO3-HC10,-H5S0, (Goss, 1962) and phosphorus was determined 


* Obtained from the Atomic Energy of Canada Limited, Ottawa, 
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byjthesascorbic acid«method, For 32pm determination of the plant 
samples, 0.05 g ground plant material was transferred to a cup 

shaped stainless steel planchet. About one mls of distilled water 
was added to the planchet, mixed with the plant material and evapo- 
rated slowly on a hot plate. This resulted in a fine cake of plant 
material adhering to the bottom of the planchet. Similarly, un- 
labelled plant material (0.05g) was transferred to a planchet and the 
appropriate quantity of the original labelled phosphorus solution, 
which was used in preparing the resin phosphorus source, was trans- 
ferred with about one ml. of distilled water to the planchet. The 
planchet was then prepared as described above in preparation for 

32p measurement. All samples were counted with the Gas Flow Counter 
which was adjusted to give a total of 10,000 counts per planchet. 


315 and oe (Omanwar 


The detailed procedures for determining 
and Robertson, 1970b) of the plant samples are outlined in Appendix 
C and D respectively. 

Equation No. 3, proposed by Fried and Dean (1952), was 
used to calculate "A" values. Since the dose of applied resin P 


was expressed in terms of parts per million of soil (14 ppm), the 


units obtained for "A" values were in terms of ppm of soil. 


Results and Discussion 
Chane cterizat Loneo tows 
The results of the analyses (Table 2, Appendix B) showed that 
the soils covered a wide range of physical and chemical characteristics. 
This was to be expected since soils were collected from widely differ- 


ent locations and included several great groups. For the present 
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study the soil phosphorus characteristics were the most imprtant. 

The total phosphorus content of the Chernozemic soils ranged 
from 435 to 925 ppm. The range for the remaining soils (Orthic Gray 
Wooded) was 355 to 880 ppm. A rather wide range for the soils within 
same subgroup (Orthic Gray Wooded) appears to be the result of the 
differences in parent material. This statement is based on the 
findings of Alexander (1967) that the sample from the C_ horizon 
of the Orthic Gray Wooded -Glory soil (pitted deltaic parent material) 
contained much more total phosphorus than the sample from the C 
horizon of another Orthic Gray Wooded - Breton (till parent material) 
soil. Al-P + Fe-P contents of the soils (Table 7) ranged from 22 
to 297 ppm. The range for Ca-P was 28 to 224 ppm. The athens 
abundance of a particular phosphorus form seems to be related to the 
pH value. Generally, the lower is the pH (<7) the higher is the 
Al-P + Fe-P forms, Isotopically exchangeable phosphorus (Ee), Olsen 
Peeand Miller andjAxley P of the soils ranged from 7 to 43, 5 to 
36 and 6 to 62 ppm respectively (Table 7). 

The soil solution phosphorus concentration (Modified Aslyng's 
procedure) ranged from 0.02 to 0.31 ppm of solution (Table 7). 

Using a different technique (White, 1964 and White and Beckett, 1964), 
the equilibrium concentration (le) was found to range from 0.01 

to 0.26 ppm of solution. Although the range of values is similar, 
the Ie value for each soil is lower than the value for soil solution 
phosphorus concentration estimated by modified Aslyng's procedure. 

The differences in the phosphorus concentrations are attributed to 


both the differences in the methods used and the fact that air dried 
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Table 7 "A" Values and the Phosphorus Characteristics of P Untreated 








Soils 
WAN PBC 
values Qo 
Soils ppm of Mod,. Aslyng Ie Te 
soil 
Peconc. log, g PeCOUuC  maLOe 
pp 100 of pp 100 of 
million P million P. 
ObRSOlMABCONnC,, NOLsSOLD a CcOolce 
Orthic Brown 2: 16 e420 3 0.48 166 
(Maleb) 
Calcareous Dark 17 9 0.95 il 0,002 2200 
Brown 
Carbonated Dark ia. 2, 0.30 2 0.30 300 
Brown 
Orthic Black 43 20 10 25 1.40 28 
(Peace Hills) 
Eluviated Black sil 7 0.85 4 0.60 75 
(Angus Ridge) 
Solodic 80 31 1.49 26 tts 58 
Black 
Orthic Gray Wooded I, 4 0.60 2 07300 150 
(Cooking Lake) 
Orthic Gray Wooded 83 19 th wae te 1,04 109 
(Glory) 
Orthic Gray Wooded 46 24 Ihe oie: ie 10829338 


(Breton) 
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Table 7 Continued 
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Phosphorus in ppm of soil 


Qo Ee Miller Olsen Al-P Fe-P Ca-P 

and P 

Axley | 

P 

5 13 ie 7 30 31 136 
2 y 9 8 19 3 216 
6 9 6 5 16 i 22h 
7 17 23 el 75 56 78 
3 9 eZ 138 3h 46 75 
Le 34 62 36 130 27 BD 
3 5 8 5 10 ay) 28 
a2, 43 50 22 108 189 107 
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880 
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soil samples were used for the Ie method while the moist stored 
samples were used for the modified Aslyng's procedure. 

A wide range of total P, inorganic phosphorus forms, 
Olsen P, Miller and Axley P, Ee and soil solution P provided 


desirable phosphorus characteristics for the present study. 


Plant Growth Experiments 

Since the importance of the physicochemical properties of 
a soil nutrient is evaluated by the plant growth experiments, the 
use of a suitable plant growth technique for measuring the available 
nutrients is essential. Since a routine method of growing the 
plants under controlled conditions (described in the Chapter IT) 
and a rather specialised technique ("A'' value technique, described 
in this chapter) have been used to determine the available phosphorus 
status of these soils, a comparison of the two methods is desirable. 

The data obtained from the plant growth experiments using the 
two methods are presented in Table 8. In order to compare the "A" 
value data with that of P uptake, a linear correlation coefficient 
was calculated. A correlation coefficient of 0.94 (P = 0.001) was 
obtained when P treated and untreated soils were included in the 
comparison. When the P treated soils were excluded from the comp- 
arison, a correlation coefficient of 0.98 (P = 0.001) was obtained. 
This suggests that both methods provide similar information on the 
nutrient status of the soils. However, (Fried, 1967) suggested that 
the "A'' value technique has the advantage that the plant is not 
grown under nutrient stress, This may be a consideration in the 


plant growth studies. 
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Table 8 The Relationship between the Routine Plant Growth Method 
and the "A" Value Technique 


P Experiment, 1967 Experiment, 1969 
Soils treatment total P uptake "A" value 
ppm _mg/pot ppm of soil 
Orthic Brown 0 yy) 22 
(Maleb) 
Calcareous 0 3.60 ds7 
Dark Brown 300 AS) 282 
Carbonated 0 0710 iba 
Dark Brown 300 327, 263 
Eluviated 0 3.66 31 
Black 
(Angus Ridge) 300 ZoOnOw 244 
Solodic 
Black 0 3707 80 
Orthic Gray 0 4,19 ud) 
Wooded 
(Cooking 300 38.88 206 
Lake) © 


Orthic Gray 
Wooded 0 14.62 83 
(Glory) 
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Kinetics of 34p eevenetes 

Since the determination of available phosphorus by the iso- 
topic tracer technique is based on the kinetics of 325 exchange, 
a study of the 325 exchange in some soils was thought essential. 
ghe wesults ter othe phesphorus fractionation studies (Table 7) on 
the soils used in this study revealed that Al-P + Fe-P forms are more 
Aeateet than the Ca-P in the Gray Wooded soils (Cooking Lake, Breton, 
Glory). In the Chernozemic soil (Maleb), Ca-P is the dominant form 
of phosphorus. Because of low pet carbon contents and wide 
differences in the inorganic phosphorus forms and levels of extract- 
able phosphorus (Miller and Axley P), these soils were selected for 
the kinetic study. 

The percentages of 32p remaining in the solution and the 
amounts of soil phosphorus that took part in the exchange reaction 
aOmvalLOUsmEIMesperlods sare reported im Table 9. Percentages of the 


32 


P remaining iW the solution after the first hour of exchange 
maneed fromel.5)to 7. for the soils. Comparatively the 32p 

loss to soil after the first hour was very small. These observations 
suggested that the initial reaction was extremely fast. Since the 
soils were equilibrated with 32p labelled solutions having phos- 
phorus concentrations equal to the respective Ie values of the 
soils, no "fixation" of phosphorus by the %soilsor release wr phos- 
phonus to solution would take place. Under Chese conditions, “itjas 


believed that the only mechanism for the disappearance of 32p 


from the solution is the exchange of 325 for oN: of the soil. 


As far as the author is aware, there are no reports in the literature 
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of studies where 34pP exchange in the soil has been measured when 
the added solution phosphorus concentration is equal to the Te 
coneen rel ion toretiessoi ls Veryerecently,, london et al (1969) 
equilibrated soils with solutions of fixed phosphorus concentration 
(0.2 ppm of solution) in their exchange kinetics study. My argument 
is that the selection of a fixed concentration for the equilibration 
solution would usually result, depending on the soils used, in either 
loss or gain of phosphorus by the solution. The exchange of 325 
under such conditions would ehen be affected by the phosphate 
"fixation" or release reactions, The effect is likely to be more 
serious for initial short exchange periods. This effect is avoided 
by the use of a phosphorus concentration equal to the Ie value for 
Elessoi Minjthe present experiment. “However the effect of microbial 


interference on the 32 


P exchange during longer exchange periods 

(> 4-8 hrs) was not studied. The main object of the investigation 
was to concentrate on the initial fast exchange reaction. While 

the study of the exchange over longer periods is faced with microbial 
problems, the selection of very short er periods is limited by 

the time (3-4 minutes) required to obtain a clear filtrate from the 
soil suspensions. An.additional factor is the initial time required 
to get an uniform suspension in which optimum exchange can occur. 
Therefore, choice of the first one hour time period to study the 
initial fast exchange reaction appears to be satisfactory. The 


data (Table 9) suggested, however, that a considerable exchange 


reaction took place in the first 15 minutes, 
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Some workers (McAuliffe, et al, 1948; Olsen, 1953) suggested 
that the soil phosphorus that takes part in the initial fast exchange 
reaction is "surface phosphorus", Obviously, such phosphorus should 
include the clay bound surface phosphorus and the surface phosphorus 
of the amorphous and crystalline phosphorus compounds that may be 
present in the soils studied. Whatever may be the nature and distri- 
bution of surface phosphorus in the soils, it seems apache to 
conclude that the phosphorus which can exchange so rapidly with 
32p in the solution has to be very reactive and hence likely to be 
more important in supplying phosphorus to plants. 

To compare the rates of the exchange reactions, the amounts 
of soil phosphorus that took part (Table 9) during the various time 
periods can be grouped (Table 10). The data (Table 10) show 
clearly that the rate (ugP/g soil/hr) of exchange during the first 
hour is 10 to 225 times higher than the rate of exchange during the 
1 to 16 day interval. The rate of exchange for the 1 to 24 hour 
interval was also very low. It is hypothesized that the rates of 
exchange of soil phosphorus after the first one hour period are too 
slow to have any great influence on the immediate supply of phosphorus 
to the plants. This hypothesis is based on the observations that 
Enesrate of the initial exchange reaction (the first one hour period) 
was 10 ugP/g soil/hr (Table 9) for the Orthic Gray Wooded - Cooking 
Lake soil and yet this soil can not supply enough phosphorus to the 
plants (P uptake, Table 3; "A" value, Table 7; Productivity Economic 


Field Trials, unpublished data). This hypothesis is further supported 
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by the observations that the exchange rates in the Orthic Gray Wooded 
soils tor the first one hour interval are 10; 16 and 45 ugP/¢2 soil/hr 
for the Cooking Lake, Breton and Glory soils respectively and their 
abilities to supply available phosphorus are in the same order 
(vAvevalues, Tables ). 

It appears from the above discussion that exchange periods 
of longer durations not only meet with the problems of microbial 
interference but are of less value in determining the immediate 
reserve of phosphorus supply to the plants. However, the information 
obtained from longer exchange periods is indicative of the slowly 
available phosphorus supply of the soils. 

The data (Table 11) indicated that only a eT rene rien 
(2.8 to 5.1 percent) of the total phosphorus has exchanged during 
the first one hour, This seems to suggest that a very large fraction 
of the total phosphorus is not immediately available to the plants. 
The percentage of total phosphorus that exchanged during 0-16 days 
varied from 18.8 to 51.4. If the percentages obtained for 0-1 hr 
period are subtracted from those of O0- 16 days, it becomes obvious 
that a large portion of the soil phosphorus is only slowly available. 
It can be noted that the Orthic Gray Wooded (Breton) soil, in spite 
of the lower content of total phosphorus, has more slowly exchange- 
able phosphorus than fhe other Orthic Gray Wooded (Glory) soil. 
These differential exchange characteristics seem to be due to differ- 
ences romene phosphorus characteristics of the parent material and 


the effects of pedogenesis on the phosphorus characteristics. 
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Intensity Factor 

On the basis of the review of literature and the findings 
of the experiments reported in the second chapter, it seems that 
solution phase phosphorus is very important. Therefore, a study of 
soil solution phosphorus should form an essential part of any investi- 
gation of soil phosphorus availability. Some work on the soil solu- 
tion phosphorus was reported in Chapter II, Further work is presented 
here. 

The intensity factor was estimated by the modified Aslyng's 
procedure described in Chapter II and also by the Ie method 
described in this chapter. To find out the relationship between 
the results of the two methods, a linear correlation coefficient 
was calculated, When the results of the P untreated soils only 
were used for calculating the correlation coefficient, a significant 
€orsel action. (r= 0.83, P="0201) was obtained; Inclusion of the 
results of P treated soils in the comparison increased the 
e€orrelation coefficient to 0,95 (P = 0.001). It is rather inter- 
esting to note the close relationship between the results of the 
two methods. Since most of the phosphorus determinations including 
Ie, but not Aslyng's method, were done on air dry soils and since 
the Qo and Ee determinations were done concurrently with Ie, only 
Ie values will be used hereafter to describe the intensity factor. 

A high correlation (Table 12, Figure 4) between the ''A" 
values and the log Ie values supported the findings of the previous 
experiments that the soil solution phosphorus is a very important 


factor in supplying phosphorus to the plants. However correlation 
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evetticients (lable W2.eri gure) on the range of 0.81 to 0.85 explain 
only about 2/3 of the variation between the variables. This leads 

one to look for other factors influencing the relationship. Some 
ofgthesesfactorse (abilitycof the soll*to supply?’ P* ‘to the solution, 
"rhizosphere effects", effects of evapotranspiration and thermal 
gradients aa soil solution phosphorus) were noted in the previous 
fcheneem ‘In this study, emphasis is placed on the quantity factor 
assuming that soils have different levels of phosphorus reserves 

from which the soil solution ene a is replenished in the event 


of P uptake by plants. 


Quantity Factor 

In the literature review the quantity factor ol Hears as 
the total amount of nutrient reserve in the soil that is "available" 
to the plants. It is a conceptual entity and can only be approxi- 
mated from plant growth experiments. The use of the term available 
in the definition requires that some time limit be specified since 
all soil phosphorus could be mobilized and made available to plants 
over an infinite time period. To specify the levels of immediately 
available phosphorus, one crop growth period seems appropriate. 
Such a definition of the quantity factor implies that before a crop 
is grown, the soil has a particular level of nutrient reserve which 
could be made available to the plants during the growth time. Any 
slow reactions contributing nutrient to this reserve are of very 
little value since they are likely to make very little contribution 


during one crop growth period. The laboratory methods for estimating 
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the quantity factor were discussed under the literature review. 
According to the principles of physical chemistry (Maron and Prutton, 
1965), the properties of a system may be divided into two types, 
namely, extensive and intensive. Intensive properties are those whose 
values are independent of the total amounts, but are dependent instead 
on the concentration of the substance or substances in the system. 
An extensive property of a system is any property whose magnitude 
depends on the amount of substance present. Since the quantity factors 
tend to measure the total Aapatonet: available phosphorus in the soil 
system, they are related to the extensive property of the system. 
Since, ideally, the intensive and extensive properties should be 
independent of each other, it is desirable to learn more about the 
relationship. between the intensity (Ie) and quantity factors 
(Ee and Qo) for the soils studied in the present investigation. 

The Linear, correlation (Table 13) between Ie and Ee values 
was not significant at 5 percent level. Poor relationships between 
solution phosphorus and isotopically exchangeable phosphorus were 
also noted by Weir and Soper (1962) and Rennie and McKercher (1959). 
Beckett and White (1964) proposed that the Ee is composed of at 
least two kinds of sites namely the "net exchange sites" (Qo) and 
"the isotopic exchange sites" (Ee-Qo), According to them the latter 
may attain isotopic equilibrium with the solution but can make no 
contribution to the values of Qo. For Greensand soil, they found 
that Qo was one fifth of the Ee. Based on their observations, it 
seems possible that a fraction (Qo) of the Ee may be directly related 


to the soil solution phosphorus concentration, In order to verify 
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if this was the reason for the poor relationship between Ee and Ie, 

Qo values were compared with the Ie values. The increase (Table 13) 
in the correlation coefficient from 0.60 to 0.71 suggests that the 
poor linear relationship between Ee and Ie is partly due to the 

kinds of exchange sites taking part in the isotopic exchange reaction. 
In addition, the organic matter contents and ionic composition of 

the equilibrium solution may also affect the relationship between them. 
However, the use of 0.01 M CaCl, solution for all soils in the 
present investigation minimized rhe variation in the ionic composition 
of the equilibrium solution. Therefore, the organic matter contents 
and the kinds of exchange sites appear to be the reasons for poor 
relationship between Ie and Ee. Since, the kind of exchange sites 
and organic matter contents are likely to vary from soil to soil, 

it is reasonable to expect a rather poor relationship between Ie 

and Ee. In the present study the Orthic Gray Wooded (Glory and 
Breton) soils had similar Ie values (11 and 12 pp 100 million of 
solution respectively) and yet their Ee values (Table 7) differed 

by a factor of approximately 3. In the author's opinion, for a given 
Ie value, the Ee values for the fine textured soils will be higher 
than those for the coarse textured soils. Based on this reasoning, 
the Ie and Ee values were considered independent of each other for 
multiple regression and correlation analyses with available phosphorus 
("A value) as the dependent variable and Ie and Ee as the indepen- 
dent variables. The following data from Table 7 also illustrated 

the necessity for multiple regression and correlation analyses 


since "A' values increased with Ee at a given le concentration, 
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Soils Te Ee WAN 
pp 100 million ppm ppm 
of solution OfeSOLL Of soLl 


Orthic Gray 

Wooded 12 14 46 
(Breton) 

Orthic: Gray 


Wooded jet 43 83 
(Glory) 


Because of these observations, a multiple linear regression analysis 
was done using the function, A= f (log, Te, Ee): The linear 


multiple regression equation and the correlation coefficient were 
"AN = 2.11 + 15.90 log,g Te + 1.51 Ee and 0.972 respectively. 


Since this equation enables one to predict the "A' if the data on 
the intensity (Ie) and quantity (Ee) factors are known, some infor- 
mation on the P fertilizer response on the soils can be obtained 
for practical purposes. Field fertilizer trials (unpublished data, 
University of Alberta) on some of the soils used in this investigation 
and the yield data on P treated soils of the present investigation 
(Chapter II, Table 3) tend to indicate that distinct, moderate, and 
little or no response to applied P fertilizer may be obtained on 
sovttbsenaving: VA" values <30,°40 to 50) and >sc0 ppm) of soil (respectively. 
It is obvious from the multiple regression and correlation 
data that both the factors (Ie, Ee) are important in the supply 
of) P to the plants. There is, of course, a big) step between show- 
ing a correlation and showing cause and effect. The basis for the 


relationship between available phosphorus ("A" value) and solution 
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phosphorus was explained in the previous Chapter (equations 1 and 2). 
An attempt is made here to explain the relationship between Ee and 
avaiteable phosphoriuss(VA'\ value) «ij Porethisssiti is) necessary to-mote 
the earlier statement that Qo was better related to Ie than was Ee 
and also the fact that Ee is better related to "A'' value than was 
Qo (Table 14). The phosphates held at Qo and/or Ee-Qo sites have 

to pass into solution if they are important in P supply to the plants, 
Since Ee (Qo + (Ee-Qo)) is better related to available phosphorus 
than is Qo, it implies that phosphates (Ee-Qo) in addition to the 

Qo phosphates are important in suppying P to the plants. These 
observations are interpreted to mean that in addition to the intensity 
factor (Ie) and the solid phase phosphates held at Qo Sess Ce 
are directly and closely related to the Ie), the solid phase phos- 
phates held at Ee-Qo sites (which are not directly related to the 

Ie concentration) are important in the available phosphorus, Sug- 
gested eer ont to explain the supply of phosphorus held at Qo and 
Ee-Qo sites to the plants are as follows: When growing roots absorb 
phosphorus from the soil solution, the parameter directly related 

to the solution phosphorus (Qo) tries to renew the soil solution phos- 
phorus concentration by releasing phosphate ions to the solution, 

The soil solution phosphorus has to be renewed several times a day 

to supply sufficient phosphorus to the plants. Once the phosphorus 
held at Qo sites is reduced, the phosphorus held at Ee-Qo sites 

will readjust in an attempt to equilibrate with phosphorus held at 

Qo sites by releasing some phosphorus to the Qo sites for its further 


entry into the solution. Another possibility is that the phosphorus 
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held at Ee-Qo, being easily accessible (surface phosphorus), may 
be attacked by root exudates and thereby released to the solution 
and/or Qo sites. Based on these observations, it is suggested that 


Ee (includes Qo) is a better measure of quantity factor than is Qo. 


Buffering Capacity for Phosphate (PBC) 

The buffering capacity for phosphate has been defined by 
Beckett and White (1964) as the slope of the ee treet ert 
relationship (£2), chat is the melericnen( between change in 
sorbed phosphorus (AP) and the change in solution phosphorus. 
According to them the PBC value is indicative of the ability of the 
soil to maintian the soil solution phosphorus activity on the addi- 
tion of phosphate to or its removal from the soil. PBC values have 
been studied for phosphorus (Beckett and White, 1964; White and 
Beckett, 1964; Barrow, 1967a; Barrow, 1967b) and potassium (Zandstra 
and MacKenzie, 1968). 

The results (Table 7) of the present study indicated that 
the buffering capacity for phosphate is related to the Ie concentration. 
A negative linear correlation (Table 13) of 0.80 (P = 0.01) was 
obtained between the PBC and the log of Ie. A negative correlation 
of 0.7 (P = 0.05) was obtained when PBC was compared with Ie con- 
centration rather than its log. term. This clearly indicates that the 
higher, the PBC the lower is the Ie concentration, Similar observa- 
tions have been made by Barrow (1967a; 1967b) for phosphorus and by 
Zandstra and MacKenzie (1968) for potassium. It was noted earlier 


that the log Ie is highly correlated with available phosphorus 


vet .Caictiiqeadd ail toe) wold Las Suan etaney amtet ‘* 
nurdudne off da) inane ter vdareds ‘hat weiter joas @@ 
bd Lotadanne eh Aa nnd Tanverdego newts au ieee athe 
a0. at sot 1649s) cslonrn Ie ovarian tates nt top oe 


(O27). otatgsidS wa Phong gets “et 
ed badidel iiisad eri iitoswiy dod, 9a neqes orth pe Lied oft 
vs bniieseteds iteih" Hid) Yo -aqn bn. comtd oo (M0Pf) edt bre jieduell 

af akénds noewied eitisant ites a r ek seit BY oy Arta 20 Bare, 


~ 
_ 
* 
~~ 
~ 
—_ 
Ne 
, 
~ 
~ 
S) 
- 
~ 


aly ben (7 A) wredqeodg bedaae 
A) 

Ho Toa vibitee odd Go wvizasthat 2) sokor Det dy cede 63 gees 
Bo wild a tivids qecds wittutna Lida sid epee GF ftoe 
veut pérhels iy ee Cee y frost Lleyn oct 12" GJ siadqeedg to aoks 
bret Sen e4itcW iwi ease) eutaiaendas 2A hetiaiay nad 

. a8 (avaei ,vevwel ‘leet (aatissd ~40et waiilodt 

(0691 ,olenmetouM baa 

on (PG ita®l ’ siloees off - 
ALIOHRADD yt aft «3. Botetat 2k otuciqaedg, 192 Ye Ssae eee inttod ots 
gaz (70.0 = 95 03.0 do OBL wlGal) getinisage seeks wv sagen ‘ 
sdetsguletrren svrdeasa A 1) 3o @6l ‘ont San 047 aod sacated banseada 


efiia.4t. fad Lewes. bev 08d woth behi wo eee (ae 4 = %) £0 29 


gers bia tii ‘seaatd aici) mind gal 82 Geely seiieas conse | 


sgriuxe eau, al. od. at raeas nid ont 
; i a+ Ky i i a : 


a eee 


‘ 









af Gy je 


("A'' value). Hence, the PBC is negatively correlated (r =-0.62) 
to the available phosphorus ("A" value) mainly because it is associ- 
ated with the lower values of Ie in the group of soils used in this 
investigation. Zandstra and MacKenzie (1968) also found a negative 
correlation (r = -0.31) between PBC and available potassium (0.1 N 
NH, Ac + 0.5 N H9S0, extractable). 

The significant correlation at 1 percent level between the 
PBC and the log Ie led us to conclude that these are not independent 


variables to be considered in the supply of P to the plants. 


Comparison of Chemically Extractable P 
with the Quantity (Ee) Factor 

Chemical extraction procedures are by far the mone commonly 
used method s4 to determine the "available phosphorus" of the soils. 
The soil testing laboratory of Alberta and, the author believes 
most soil testing laboratories elsewhere, use chemical extraction 
procedures to determine the "available phosphorus" in the soils. 
Recently, attempts have also been made to fractionate the soil phos- 
phorus by selective chemical extractions into active and inactive 
phosphorus forms, the former being more available to the plants. 
Supposedly, in all of these methods, the attempt is to measure the 
amount of available phosphorus in the soils. Since Ee determination 
was done using a very different approach ( exchange at equilibrium 
P concentrationJand also that it was found to be very important in 
supplying phosphorus to the plants ("A" values), it was thought desir- 
able to compare it with the results obtained with chemical extraction 


procedures. 
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The comparisons of Miller and Axley P, Olsen flee Al-P 
(chemical extraction methods) and Ee (isotopically exchangeable P) 
with "A' values gave linear correlation coefficients (Table 14, Figures 
5 to 8) in the range of 0,92 to 0.97. This very clearly indicates 
that similar information is obtained on the quantity factor of avail- 
able phosphorus using chemical extraction procedures and 32p exchange 
technique (Ee). Although the Miller and Axley P, Olsen P, Al-P and 
Ee values were highly correlated among themselves and with "A" values, 
they differed considerably in the absolute values. Olsen P values 
(Table 7) for the P untreated soils on the average were slightly less 
than the Ee values. The amounts of Al-P (Tablel7) in the soils are about 
2 to 5 times higher than those of Olsen P or Ee and about 1.5 to 3 times 
larger than those of Miller and Axley P. It is of interest 45 note a 
close relationship between them when the values are very different. 
This leads one to attempt to find out the nature of phosphorus measured 
by these methods. Ee is a measure of "surface phosphorus" of the soils. 
This phosphorus may be associated with the clays, aluminum phosphates, 
iron phosphates and/or calcium phosphates, The relative contribution 
of these phosphates to the surface phosphorus (Ee) depends on the rela- 
tive abundance and size of the crystals and/or amorphorus particles 
of each of the phosphate complexes. However, it is certain that Ee 
phosphorus is held at easily and quickly accessible sites (exchanged 


with 32p in one hour). It is rather uncertain as to what extent 


the chemical reagents (Miller and Axley - 0.03 N NH,F + <0 .05..N Hy SO, 5 


Olsen 0.5 M NaHCO, adjusted to pH of 8.5; Al-P - 0.5 N NH,F adjusted 


to pH of 8.2) extract "the surface phosphorus" in addition to the other 


forms, Olsen's reagent contains bicarbonate anions which can desorb 
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the phosphate anion from the soil much like an anion exchange although 
a stoichiometric exchange of phosphate ions by bicarbonate ions may 
not occur (Nagarajah, et al., 1968). The OH” ion activity (alkaline 
pH) of the reagent may also release some phosphorus from the alumi- 
num and iron phosphates, Excess of bicarbonate anions suppresses the 
activity of Catt and minimizes the reprecipitation of calcium phos- 
phates during extraction (Olsen, 1954) in the eteare cue souls. 
Since similar values are obtained for Ee and Olsen P _ for these 
soils (regression equation Ee = 1.69 + 1.03 Olsen P) it seems that 
most of the phosphorus extracted by Olsen's reagent was surface phos- 
phorus (Ee). The Miller and Axley reagent (0.03 N HySO, + 0.03 N 
NH,F) depending on the soils, may take out some of the phosphorus 
from Ca-P, Al-P, and Fe-P. F ions contained in the reagent may 
complex Al and/or Fe to release phosphates to the solution. 
Phosphate adsorbed onto the clay may be replaced and released by 
the F° ions, Similarly the acid pH of the reagent can dissolve 
some phosphorus from the Ca, Al and Fe phosphates. Since surface 
phosphorus (Ee) is most likely to be first attacked by the chemical 
reagent, it is claimed that Miller and Axley reagent extracts the 
surface phosphorus (Ee) from the soil. Since the Ee values are 
about 60 percent of Miller and Axley P values, (regression equation, 
Bes=e2eo 0.09 Milter and Axley P) some of the difficultly available 
phosphorus (non surface phosphorus) must be extracted by the Miller 
and a vevar caret as well. Thus, the Miller and Axley method will 
overestimate the immediately available phosphorus status of the soil. 


The NH,F reagent (0.5 N NH,F, pH-8.2) of the modified Chang and 
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Jackson procedure, being first in the sequence (NH, C1 extracts very 
little P), appears to extract surface P (Ee) in addition to the Al-P 
from the soils. Nonselectivity of NH,F reagent for Al-P was also 
noted by Weir and Soper (1962), Murrman and Peech (1969) and MacKenzie 
CLIO2 a 

If the chemical reagents cause considerable disturbance to the 
chemical framework of the soil and to the solid-liquid interface of 
the soil system, the redistribution of phosphorus compounds may 
take place during the extraction as claimed by Larsen (1967). My 
opinion is that the Miller and Axley reagent and Olsen's reagent are 
not sufficiently reactive to change the soil system to a great extent 
during the extraction. However, the NH,F reagent of the Chang and 
Jackson procedure is very reactive and may extract eoneer on available 


phosphorus of the soil (insoluble crystalline Al-P). 


General Comments 


It was found that the P uptake by plants was closely related 
to the Ie phosphorus concentration, It was also observed that soil's 
buffering capacity for phosphate (PBC) — a function of Ie concentration. 
The author thinks that the Ie concentration is an unique property of 
the soil. It is measured under conditions that cause little disturbance 
to the natural soil system. Since the Ie concentration represents 
the equilibrium phosphorus concentration of a soil system, in the 
event of P uptake by plants, the soil system will readjust in an 
attempt to maintain the Ie concentration. If the limited amount of soil 
around the roots is not sufficient to maintain the Ile concentration, 


the phosphorus concentration around the roots will be lowered, A 
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concentration gradient will be created and diffusion of P to the 
soil around the roots will take place. This means that the Ie 
concentration of the soil further away from the roots is lowered 

in the same manner as the soil around the roots. The results of the 
experiments on the movement of P to the roots (2nd Chapter) have 
clearly indicated that the movement of P to roots is mostly by way 
re diffusion in the P untreated soils. The amount’of P diffusing 
to the roots depends on the concentration gradient. The upper limit 
for the concentration gradient is likely to be set by the Ie con- 
centration of the soil, If the "rhizosphere effect" is prominent 

in the soil-plant system, phosphorus may be released to soil solution, 
and the net effect may be an increase in the soil solution pone one 
tration beyond the Ie value, Even under such conditions, the soil 
system will quickly readjust by adsorbing the phosphorus again in 

an attempt to maintain the concentration near to Ie value. In any 
event, the Ie concentration of the soil seems to be a very important 
factor affecting. the P uptake in the soil plant system, 

The quantity factor (as defined in this text) seems to also 
affect the P uptake by plants. The multiple correlation coefficient 
for the available phosphorus and Ie and Ee showed that both Ie and 
Ee areimportant factors in determining the available P_ status of 
the soils. It is suggested that the effect of the quantity factor 
(Ee) on P supply to the plants is indirect. The phosphorus of the 
quantity factor is believed to be composed of two types. The one 
type is directly related to the solution phosphorus (Qo) and the 


second type (Ee-Qo) although not as closely related to Ie may contribute 
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phosphorus to the soil solution during the plant growth. Mechanisms 
(Rhizosphere influence and readjustment between (E-Qo) and Qo) for 
the release of phosphorus from quantity factor (Ee) to the solution 
during the plant growth are suggested. 

Is it correct that the solid phase phosphorus is released 
to the solution by the proposed mechanisms? There is ample evidence 
that solid phase phosphorus contributes to a great extent the P 
supply to the plants.* In order to’ account for” the total” * P™ uptake 
by the plants from the soil solution, it is necessary to postulate 
complete renewal of soil solution phosphate on the average of ten times 
each day (Stout and Overstreet, 1950). This renewal of soil solution 
phosphorus each day has to be from the solid phase phosphorus, It 
is reasonable to suppose that the phosphorus (Qo) held at net exchange 
sites will pass into solution first to renew the phosphorus concen- 
tration in the solution. Even if root exudates release some phosphorus 


from Ee-Qo sites, the readjustment of the system will still occur. 


Intensity and Quantity Factors 
for the Phosphated Soils 

Phosphorus fertilization is a common practice in agriculture. 
Many cultivated soils are phosphated regularly. Although the primary 
object of the present investigation was to study the intensity and 
quantity factors in P untreated soils, it seemed desirable to 
prepare some phosphated soils in the laboratory to study the effect 
of applied P on the intensity and quantity factors of the soils. 


Since for the determination of the intensity and quantity factors, 
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it is necessary to obtain a uniform and well equilibrated phosphated 
soil system, the usual band application used in the field could not 
be simulated, However, it was reasoned that the 100 and 300 ppm 
of P treatments could simulate to some extent the application of 
low levels of P in the bands. Whatever may be the mode of fertilizer 

application, the applied phosphorus is mixed into the soil when land 
is prepared for the next crop. Therefore, the study of well mixed 
and equilibrated phosphated soil system seems to be appropriate for 
the present project. , 

"A'' Values for the Phosphated Soils: It can be noted from 

Figure 9 that there is a fairly good linear relationship between the 
levels of applied P andthe "A" values of the soils Pecan equili- 
bration. However, the relationship for Calcareous and Carbonated 
Dark Brown soils is not as good as that for Eluviated Black (Angus 
Ridge) and Orthic Gray Wooded (Cooking Lake) soils, This suggests 
that at the higher levels of applied P, a greater proportion of the 
applied P is available in Calcareous and Carbonated Dark Brown 
soils as compared to the Eluviated Black (Angus Ridge) and Orthic 
Gray Wooded (Cooking Lake) soils. At lower doses of applied P 

(100 ppm or less) the differences in the increase of "A" values 
(Figure 9) for the soils are relatively small indicating that the 
applied phosphorus is equally available irrespective of the chemical 
characteristics of the soils used. The linear relationship between 
HA't values and the levels of applied P for the Eluviated Black 
(Angus Ridge) and Orthic Gray Wooded (Cooking Lake) soils suggests 


that the same proportion of applied P is available at 100 and 
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300 ppm of P treatments. The curves (Figure 9) are not extra- 
polated beyond 300 ppm of P treatments because it is uncertain 

that a linear relationship exists beyond the 300 ppm of P _ treat- 
ments, Most likely, the Eluviated Black (Angus Ridge) and Orthic 
Gray Wooded (Cooking Lake) soils would follow the trend already 

shown by the Calcareous and Carbonated Dark Brown soils. 

Intensity Factor for the Phosphated Soils: The data (Table 15) 

show that the "TIe' concentrations of the soils are increased 24 

to 420 times the original values by the P treatments. It is of 
interest to note (Figure 10) that the Ie concentrations of the 
Calcareous and Carbonated Dark Brown soils are lower than those of 
the Orthic Gray Wooded (Cooking Lake) and Eluviated Black (aneae 
Ridge) soils at both the 100 and 300 ppm of P treatments, This 
implies that a greater amount of applied phosphorus is adsorbed 
and/or precipitated by the Calcareous and Carbonated Dark Brown soils, 
although, from the "A" values it apparently remains available. 

The data (Appendix B) indicate that the Orthic Gray Wooded (Cooking 
Lake) and Eluviated Black (Angus Ridge) soils have higher Al + Fe 
(acid ammonium oxalate soluble) contents, lower pH's and very low 
calcium carbonate equivalents as compared to the Calcareous and 
Carbonated Dark Brown soils. These factors, in addition to the type 
of clays seem to be responsible for the differences in adsorption 
and/or precipitation of added phosphates. The amount of adsorbed and/ 
or surface phosphorus in phosphated soils is measured by the quantity 
factors discussed below. The nature of adsorbed and/or precipitated 
phosphorus in the phosphated soils is being studied further in this 


laboratory. 
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Quantity Factors for the Phosphated Soils: The data in 
Table 15 and Figure 11 show the effect of addition of P to the soils 
on the Ee values. It can be noted from Figure 11 that Carbonated 
Dark Brown and Eluviated Black (Angus Ridge) soils tend to show a 
fairly good linear relationship between applied P and the Ee values 
much like the relationship between applied P andthe "A" values. 
“The relationship between applied P and Ee values is not linear 
for the Calcareous Dark Brown and Orthic Gray Wooded (Cooking Lake) 
soils. It appears that at higher rates of applied P, a greater 
proportion of the applied P becomes non exchangeable (Ee) in Orthic 
Gray Wooded (Cooking Lake) and Calcareous Dark Brown soils. While 
the Calcareous Dark Brown soil has a higher calcium Paeboroe 
equivalent than the carbonated Dark Brown soil, the Orthic Gray 
Wooded (Cooking Lake) soil is higher in amorphous Al and Fe oxides 
(acid ammonium oxalate soluble) than the Eluviated Black (Angus 
Ridge) soil. These chemical characteristics seem to be responsible 
for keeping a relatively smaller proportion of P applied at higher 
rates in the labile form (Ee) in Calcareous Dark Brown and Orthic 
Gray Wooded (Cooking Lake) soils. It can be also noted (Table 16) 
that Eluviated Black (Angus Ridge) soil had a fairly high Ee value 
at 300 ppm of P treatment, It was noted earlier that Eluviated 
Black (Angus Ridge) soil also had a higher Ie value. The lower 
percentage of CaCO, equivalent and higher contents of organic matter 
in the Eluviated Black (Angus Ridge) soil seem to be the factors 
responsible for keeping a larger proportion of added P in Ie and Ee. 


An additional factor appears to be the lower contents of Al + Fe 
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Table 16 Percent Recovery of the Applied Phosphorus in the Various 
Phosphorus Forms 


_—_-eeeeeeoeoeoeo—:”: nn ek = = =~=~cS— eee 


Soils Percent of the applied P in 
Al-P Fe-P Al-P+Fe-P Ca-Pf 





' Calcareous Dark Brown 24 6 30 62 
100 ppm P treatment P 


Calcareous Dark Brown 
300 ppm P treatment aT 3 24 36 


Carbonated Dark Brown 
100 ppm P treatment Sie) 5 38 22 


Carbonated Dark Brown 
300 ppm P treatment 30 7 SY 4 


Eluviated Black 
(Angus Ridge) 60 33 93 = 
100 ppm P treatment 


Eluviated Black 
(Angus Ridge) 48 19 67 3 
300 ppm P treatment 


Orthic Gray Wooded 
(Cooking Lake) 44 47 91 = 
100 ppm P treatment 


Orthic Gray Wooded 
(Cooking Lake) 48 28 76 = 
300 ppm P treatment 
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oxides than the Orthic Gray Wooded (Cooking Lake) soil. 

The curves (Figure 12) clearly show that there is a: good 
linear relationship between the Miller and Axley P and levels of 
Fapplted: (This means that up to 300 ppmeof FP treatment, 2 
definite proportion of applied P (44 to 59%) in these soils can be 
-recovered by the Miller and Axley extracting solution. The data 
(Table 15) (0.03 N NH,F + 0,03 N Hy SO, ) show that the Miller and Axley 
P values for the phosphated Calcareous Dark Brown soils are lower 
than those of Eluviated Black (Angus Ridge) and Orthic Gray Wooded 
(Cooking Lake) soils. This seems to suggest that Miller and Axley 
reagent is comparatively less effective in removing P from phos- 
phated Calcareous soils. 

The curves (Figure 12) and the data show that there are only 
very small differences between the Olsen P values for phosphated 
Eluviated Black (Angus Ridge), Calcareous and Carbonated Dark Brown 
soils. This indicates that sodium bicarbonate reagent is equally 
effective in removing P from the Calcareous and acidic soils 
(Angus Ridge being a slightly acidic soil). The effect of 300 ppm 
of applied P onthe Olsen P value for the Orthic Gray Wooded 
(Cooking Lake) soil is different from what is noted for the other 
three soils. It is suggested that some of the applied P in the 
300 ppm treatment of the Orthic Gray Wooded (Cooking Lake) soil is 
bonded to phosphate sites so that the bicarbonate reagent (Olsen P) 
is not effective in removing it. It is also suggested that the 
phosphorus from these sites is extracted by the Miller and Axley 


reagent (0.03 N Hy SO), + 0.03 N NH,F). Such a situation could occur 
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if the applied phosphorus reacted with aluminum and/or iron (pH 

5.5 of the Cooking Lake soil is low enough to expect some Al and Fe 
ion activities) to form precipitates and/or amorphous particles of 
iron and aluminum phosphates which would be fresh and active enough 

to allow F~ complexing of some Al or Fe thereby releasing phosphates 
to the solution. The data (Table 16) on the phosphorus fractionation 
of the phosphated soils seem to support the above view. The percent 
recovery of added P in Al + Fe - P in the Orthic Gray Wooded 
(Cooking Lake) soil at 300 ppm of P treatment is higher than for any 
of the other soils. 

The data (Table 17) indicate that none of the quantity or 
intensity factors for the phosphated soils is very well. related to 
the "A'' values. All the three methods of measuring the quantity 
factor seem to give similar information on the available phosphorus 
of the phosphated soils. More research work is needed to find out 
the nature of phosphorus measured by these methods in phosphated 
soils. It was remarked earlier that the nature of phosphorus ex- 
tracted by the Miller and Axley reagent and Olsen's extractant from 
the P untreated soils is not satisfactorily known although some 
information can be drawn from the knowledge of the chemical composi-~ 


tion of the reagents used and soils being tested. 
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CHAPTER IV 


SUMMARY 


Several soils of Alberta with P treatments on some were 
investigated for assessing the intensity and quantity parameters 
of phosphorus, The experiments involved the growth of plants, chem- 


ical extraction of desired phosphorus forms, 32 


P labelling, the 
use of equilibrium techniques, and the development of suitable 
analytical methods for inorganic phosphorus and 2p determinations. 
First, satisfactory analytical procedures for inorganic phosphorus 


determination in dilute solutions and 32 


P determination in the 
plant samples were developed and the methods have been published 

(see Appendix). The new method for inorganic phosphorus determin- 
ation has increased the sensitivity of the usual ascorbic acid method 


2 


by a factor of approximately 4. The method for P determination 


is very simple and allows the measurement of ear in the undigested 


plant samples without any loss of ore 


P by self absorption. 
To study the movement of P to roots growing in the soils, 
a plant growth room experiment was conducted using seven P untreated 
and four P treated (300 ppm of P treatment) soils. The procedures 
of Barber and coworkers for calculating the contribution to P delivery 
of mass flow, diffusion and root interception were modified. It 
was found that the diffusion of P to the roots is a major process 
Of hErtransport linePauntreated {soils (Masset how tof Retotthe goots 


was found to be the most significant process in the transport of P 


in soils treated with high doses of P and it is likely to be an 















’ 
asd an 
coy ome no "echeamnee sd “E auw eiewdiA to vidoe teed Rt - 
et 
ena suine ydatuaep, bie yo lansagt, owt grieegaes xt Sey _ 
, a Pe 


~araitss papain *o Heworg wild bovibyas sAntemiTaqpee sft ev 

gid (grit tiodst q St smote usage odq heatesb to setsonraam fas 

afdetiue Lu insigh spate b «da hits ,@supeniosd uid {hype Fe | 

eid s ieneteonnsasst gee bis cuxctsauty > brigroat yor éedtasd mae 

Buono Simic goons “al essubsooig. Daou yas yuuasie oan, set a 

| | norsankunsdal q 

att ak horgseinzeieh «4 bis arotinics ssvialh at ' 7 

dailidue. aged aver abotisar- ott bas bogoiavet suit woligeee. = 7 1. 
-ttmmieh astodqeerig otasg took 70. hadisanwor eae (acdonagg, we 


adiijen btss. oldqousn feued sdf to yaiversttense ae tetera wad 















40% bodlten ent. “dv letenizeaggn to wI98 a 


WOriantinaseIsh. ‘} 


¥ . 
feteyethav afi nt OT" 36 dramagdecsm ot) ewolle tae sigage y2ov 


) 4s tos pug ele 
tobiqunadns tiea yd -T" 


< 

to ‘weal vx tuedaiy ee fqmna 
eifoe ot9 ni gatwoxg, sd00% oo T Jo Jpamevom emt, yhese oF 

ioadseviait 4 noye2 guile betovhneo dew anetiaeque dest deo 


eriibore sa od! = oettoa (inemieord FT Id mga BOE) wninexind q wo 


Y7svil oh 7 67 REE ee od antielvalao 101 svettoweo fine 
‘ST, , sbettibhout stv a he dont — polauttab it as 


cael tobi a ak sagan eh Pe 5 2% s Seatcect odd 


na 


oe: ed oa nes tne ga 


7 - 


P a 


Co le 


important process in soils where phosphatic fertilizers are band 
placed, Root interception of P was found to be unimportant process 
in P transport to the roots. The dependence of mass flow, root inter- 
ception and diffusion of P on the soil solution phosphorus concen- 
tration was discussed. A correlation coefficient of 0.82 (P = 0.05) 
was obtained between P uptake and soil solution P concentration. 

~The research work done on the movement of P to the roots has also 
been published (Appendix F). 

The routine method of growing the plants under controlled 
conditions was compared with a more specialised technique ("'A' value). 
A correlation coefficient of 0.94 (P = 0.001) was obtained between 
the results of the methods when P treated and P untreated soils were 
included in the comparison, When P treated soils were excluded 
from the pane aeconrel ation coctriezenc sor 0,98 (P=) 0,001) 
was obtained. Both the methods seem to give similar information 
on the nutient status of the soils. 

32p exchange experiments were conducted on four selected 
soils. It was found that the initial exchange reaction was extremely 
fast. The rate of exchange (ugP/g soil/hr) during the first hour 
was 10 to 225 times higher than the rate of exchange observed after 
24 hrs. Based on the knowledge of phosphorus characteristics, 
available phosphorus status (""A" values), root extension and the 
exchange rates for these soils, it was concluded that the rates of 
exchange of soil phosphorus after the 1 hour period are too slow 
to have any great influence on the immediate supply of phosphorus 


to the plants, 
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The soil solution phosphorus concentration (intensity factor) 
was found to be a very important factor in determining the available 
phosphorus status of the soils. A correlation coefficient of 0.81 
(P = 0.01) was found between log Ie (intensity factor) and the "A" 
value (available phosphorus). This supported the earlier finding 
that soil solution phosphorus is closely related to P supply to the 
plants, It was also found that the phosphorus buffering capacity 
is closely related to the Ie concentration. The processes that are 
likely to take place during the eetist uptake of P by plants were 
discussed in relation to the Ie values, It was concluded that Ie 
value is a unique property of the soil system. Its measurement has 
the advantage that the natural framework of the soil and the nature 
of the solid-liquid interface are least disturbed during the measure- 
Meher 

Since all the variation in the available phosphorus (2A2 
value) could not be explained by the intensity (Ie) factor alone, the 
quantity factor (Ee) was considered as an additional factor. The 
direct comparison of Ee and Qo with "A" value indicated that Ee 
is better correlated with "A" than is the Qo. This was the basis 
for the conclusion that Ee is a better measure of quantity factor 
than the Qo. However, it was argued that the phosphorus measured 
as Ee, to be important in phosphorus supply to the plants, must 
pass into the solution before being absorbed by the plants. 
Mechanisms (action of root exudates, readjustment of Ee-Qo with Qo) 
for the release of Ee phosphorus to Ie phosphorus were suggested. 


Since the correlation between Ee and Ie was not significant at the 
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5 percent level, Ee and Ie were considered essentially independent 
of each other. Moreover, it was found that at a given Ie value, the 
"A'' values increased with Ee values. Because of these observations, 
a multiple linear regression and correlation coefficient were calcu- 
lated using available phosphorus ("A" value) as a function of log Ie 
and Ee. The regression equation and correlation coefficient were 
MAN = 2,11 + 15.90 Voz Top ltemn > le besange0°972 respectively, 
It is claimed that this equation should be of great practical value 
to predict the available sihvacysinerare OfethessoL.Ls. 
Since chemical extraction procedures are by far the most 
commonly used methods to determine the "available phosphorus" of 
the soils, it was thought desirable to compare the results Speed 
by using these methods with the quantity factor (Ee). The compari- 
sons between Miller and Axley P, Olsen P, Al-P and Ee revealed that 
all of these factors were highly correlated among themselves but 
they differed considerably in the absolute values. Olsen P values 
on the average were slightly less than Ee values for the P untreated 
soils. The amounts of Al-P in the soils were about 2 to 5 times higher 
than those of Olsen P or Ee and about 1.5 to 3 times larger than 
those of Miller and Axley P. It was claimed that Olsen P, Miller and 
Axleyer andlAl-Peincludessmose, 11 not, ally ol the surtace (He) 
The data on "A'"' values for the phosphated soils suggested 
that at higher levels of applied P, a greater proportion of applied P 
is available in Calcareous and Carbonated Dark Brown soils. It was 
found that the Ie concentration of the soils were increased 24 to 


420 times the original values by the P treatments. Ee, Miller and 
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Axley P and Olsen P values were increased approximately 4 to 20 times 


the original values by the P treatments. The comparison of all these 


values with "A'' values suggested that none of the factors are very 


well related to the "A" values. The complete fractionation of 


phosphorus of the phosphated soil is being further investigated in 


this laboratory. 
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APPENDIX B 


Some Physical and Chemical Characteristics of Soils 
(oven dry basis) 


ee a aaa 





Particle size Soil 
Soil analysis Moisture Hein 
No. Soil sand esi lteeciay eclass a.) 3 15° water 7 070LM 
ih v6 ie Atm. Atm, CaCl, 
% V5 
1 Orthic Brown 42 38 20 L Pah 10 ipegih fest 
(Maleb) 
2, Calcareous ~ “37 38 25 iL 26 2 ips) as 
Dark Brown 
3 Carbonated 57 20 23 GL 23 10 Apa i pes} 
Dark Brown 
Zee Orthrceecrack 56 23 Zi SL 28 15 50 45) 


(Peace Hills) 


5 Eluviated 
Black 38 36 26 L BD 16 Geo SK, 74 
(Angus Ridge) 


6 Solodic 42 Sy 21 1 ZL 12 Dee 4.9 
Black 


i SOcth iL Ce Gray. 
Wooded 40 45 15 L 23 fi ys) Do 
(Cooking Lake) 


8 Orthic Gray 
Wooded 4 Me 23 SiL 34 11 4) Gn 
(Glory) 


9 Orthic Cray 
Wooded 45 44 i Si 23 7 eee) 526 
(Breton) 
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APPENDIX B Continued 





Acid ammonium 


oxalate soluble Extractable P ppm 
Or ganic CaCO. Fe % Al % Pots leP Miller 
Cz equiv. ppm + and Olsen 
te Axley 
eng] O214 O21 0.05 435 12 7. 
2.44 el2 0.17 0.04 615 9 8 
1. 36 3.03 0.16 0.03 556 63 aes 5 
4.80 trace 0.31 0.09 833 23 18 
5.09 Ore iee 0739 Oy 925 iz 13 
3.64 trace 0.34 0.14 864 62 36 
eae trace 0.67 Og2) 355 8 5 
2223 OFT 0.49 — 0.08 880 50 22 


ZU trace 0.26 0.08 Sy eni/ BL 18 
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APPENDIX C 


MICRO METHOD FOR TOTAL P DETERMINATION IN PLANT SAMPLES 
P.,K, Omanwar 
July, 1968 
Grind the plant material to pass through a 40 mesh sieve. 


Weigh 0.05 g of plant material to the nearest 0.1 mg and transfer 
to a 20 ml pyrex test tube. 


Add 4 ml of ternary mixture of concentrated H5SO, HC1O, (707) 
and concentrated HNO (ratio 1:1:8). 


Mix the plant material with the mixture of acids. 


Put the tube in a 600 ml beaker containing 300 ml of fine sand 
SO that, L/4th of the tube, is buried in the sand. 


Put the beaker on the hot plate and cover it with a glass fume 
hood connected to water aspirator pump. 


Switch on the hot plate to heat the beaker to 180° C. Continue 
digestion at 180° C for about three hours or until the acid mixture 
is volatilized and the remaining solution is clear. Be sure of 


the temperature and disposal of the fumes, 


Remove the tube from the beaker when digestion is complete. 


Take up the residue from the digestion tube first with 5 ml of 
concentrated HCl and then with 5 ml 6 N HCl. 


Transfer the solution to a graduated centrifuge tube and rinse 
the tube with 6 N HCl to make up the volume to 25 ml. Never 


wash with distilled water. 


Stir the contents of the centrifuge tube with an air jet stirring 
rod, 


Centrifuge at 12,000 rmp (or more) for 10 minutes, to get. a clear 
solution, 


Decant the supernatent liquid into a clean bottle and stopper 
it firmly. This is the main stock solution. 


Transfer an appropriate quantity of this solution to a 25 ml flask. 
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- Adjust the pH to 5.0 using p-nitrophenol indicator, (Colorless 
below 5.0). 


- Add 4 ml of reagent 'A' of the ascorbic acid method. 
- Make up the volume with distilled water. 


- Read the absorbance at 882 mu using a spectrophotometer. Cal- 
culate the ppm of P in solution using a standard curve, 


PRECAUTIONS © 


1. Perchloric acid is a very strong oxidizing agent. There 
is always some danger of explosion. Use face mask and hand gloves. 
Do most of the work in the fume hood, 


2. After every two or three runs wash off the hood and clean 
the tubing to avoid deposition of acid fumes. 


3. Perchloric acid attacks every metal except stainless 
steel. Use either glass or stainless steel water aspirator. 
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APPENDIX D 


A MICRO AND RAPID METHOD FOR MEASURING 
p32 IN PLANT SAMPLES 
In the measurement of available phosphorus of soils by the 
"A'' value technique, many plant samples must be analyzed for p32, 
Therefore a simple and rapid method for measuring p32 in the plant 


samples is desirable. p22 


content of plant samples has been deter- 
mined in the solial? as well as liquid? forms. Hall and MacKenziel 
discussed the advantages and disadvantages of measuring p32 in 
the solid and liquid forms and recommended the preparation of p32 
samples in the solid form. The usual method for measuring p32 

in plant material using the solid form is to prepare briquets or to 
place the loose powdered plant material? into planchets to an 
"infinite" thickness. The first method requires a large amount of 
plant material and equipment to press the plant material into briquets. 
The second method may result in contamination of the window of the 
Geiger tube with the loose plant material. Moreover the limited 
space between the sample holder and ultra thin window of gas flow 
counters attached to automatic sample changers now being widely used 
do not permit the use of very thick briquets. Since the samples are 
automatically moved to the detector, the uniformity of the loose 
plant material in the planchet may be disturbed. To avoid contamin- 
ation of the window of the Geiger tube with radioactive material, 


a binder such as collodion solution can be feeds such a solution 


is not desirable for measuring isotopes emitting soft beta particles 
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because of self absorption. Therefore, we attempted to devise a 
micro and rapid method by using water as a binder for plant material. 
To test the method, we ground oven dry (70° C) unlabelled 
plant material to 40 mesh, We transferred 0.05, 0.10, 0.15 and 
0.30 g of plant material to stainless steel, cup shaped planchets 
of 2.54 cm diameter. To each of the planchets, we added about a 
millilitre of distilled water. The plant material was mixed with 
the water by tapping and rotating the planchets. Then 0.1 millilitre 
of radioactive (p32) solution was added to the two planchets con- 
taining 0.05 g of plant material. Likewise, 0.2 millilitre was added 
POomthbeomUrl Qee mOsm ia litre coithe O15) esand) O;O mil1lilitre to 
the 0.30 g samples. The planchets were then tapped Sava rotated again 
to mix the radioactive solution with the slurry of the plant material. 
The samples were kept for 15 minutes to obtain a equilibrium between 
the solution and plant material. After equilibration the planchets 
were transferred to a hotplate to evaporate the water, Slow evapo- 
ration of water allowed the plant material to stick together as well 
as to adhere to the bottom of the planchets, When the water was 
completely evaporated, we found that a fine cake of the plant material 
was formed and attached to the bottom of the planchets, The planchets 


— activity was measured using a gas flow 


were then cooled and the P 
counter equipped with automatic sample changer and print out attach- 
ment, After completion of the counting, the Geiger tube was checked 


for contamination of radioactive material. We found the same back- 


ground count rate before and after the counting and hence concluded 
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that the Geiger tube was not contaminated with radioactive material. 
The data (Table 1) clearly show that the loss of counts with 
increasing thickness up to 0.15 g plant material per planchet is 
less than 54. This means that the losses due to self absorption 
of beta particles were negligible. A thickness of more than 0.15 g 
plant material per planchet causes a considerable loss of counts 
due to self absorption. The satisfactory duplicates indicate a 
good reproducibility of the method. 
We measured the P22 oars of the many plant samples 
from our "A" value experiment using this method. The only major 
operation in Ehennern on is to transfer a weighed quantity of powdered 
plant material to the planchet. The use of an automatic sample 
changer and print out attachment made it possible to stack 50 planchets 


at one time and greatly reduced the time otherwise required to handle 


the many samples. 


SUMMARY 
A rapid method for measuring p32 in ground, undigested 


plant material is described. 
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APPENDIX E 
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MODIFICATION OF THE ASCORBIC ACID METHOD FOR 
DETERMINING PHOSPHORUS IN DILUTE SOLUTIONS’ 


In the measurement of the phosphate potential ($ pCa + pH.PO,) of soils, 
solutions of extremely low phosphorus concentration pose an analytical prob- 
lem. Methods of solving this problem are to use either more sensitive methods 
such as activation analysis, or to modify the existing colorimetric methods. In 
the past, colorimetric methods for dilute solutions have been modified by 
adding a phosphorus standard to the test solutions, by concentrating the test 
solutions by ion exchange resins (2) or evaporating before adding the com- 
plexing reagent, or by concentrating the colored complex after adding the 
complexing reagent. Some workers (4, 6) have used isobutanol for concen- 
trating the unreduced molybdophosphoric acid in the chlorostannous method. 
The ascorbic acid method (3, 5) has been successfully used in this laboratory 
for determining total (1) and calcium chloride-soluble phosphorus of soils. 
We studied the feasibility of improving the sensitivity of the ascorbic acid 
method by concentrating the molybdophosphoric acid complex in isobutanol. 

Preliminary observations, based on absorbance readings, showed that ex- 
tracting the ascorbic acid-reduced molybdophosphoric acid was superior to 
extracting the unreduced molybdophosphoric acid. ‘Therefore, the subsequent 
studies were restricted to extracting reduced molybdophosphoric acid. 


It was necessary to determine if the absorption maximum of the ascorbic 
acid-reduced molybdophosphoric acid was different in isobutanol from that in 
water (usual medium). To do this, we used the ascorbic acid method (5) to 
develop the color in two 50-ml samples containing 0.1 ppm P. After more 
than 30 minutes, one of the samples was transferred to a separatory funnel 
containing 40 ml of isobutanol and the mixture was shaken for a few seconds. 
The aqueous layer was discarded and the isobutanol layer was made up to 
50 ml with isobutanol. Absorption curves of the unextracted water solution 
(usual medium) as well as the isobutanol medium (as described) were deter- 
mined over the range 400-1000 mu, using a Cary spectrophotometer with a 
10-cm path length. 

The absorption curve (Fig. 1) for the usual method had a maximum at 
882 mu and was similar to the one published by Murphy and Riley (3). The 
absorption curve of ascorbic acid-reduced molybdophosphoric acid in iso- 
butanol was clearly different. The maximum absorption peak was found to 
be at 690 mu, with a second, smaller absorption peak at 975 mu. 


To compare the sensitivity of the usual ascorbic acid method with the 
proposed method of concentrating the reduced molybdophosphoric acid in 
isobutanol, two sets of appropriate phosphorus standards were made in 200 ml 
of water and the color was developed by the usual ascorbic acid method (5). 
The colored complex from one of the sets was extracted in 50 ml of isobutanol 
and the absorbance readings were made on this isobutanol extract at 690 mu, 
using a 10-cm cell in a Cary spectrophotometer. For the usual ascorbic acid 
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method the absorbance readings were made on the remaining set, using the 
same path length and spectrophotometer. . 

Examination of the two standard curves (Fig. 2) indicated clearly that a 
satisfactory standard curve was obtained by the isobutanol extraction method, 
and the sensitivity of the ascorbic acid method was increased by a factor of 
approximately four. t 
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To test the general applicability of the method to soil solutions, an 
unfertilized carbonated soil (pH 7.8) from the Lethbridge Research Station 
was selected. The soil contained 5 ppm of 0.03 N NH.F + 0.03 N H.SO.- 
soluble P, but it was not possible to measure accurately the calcium chloride- 
soluble P by the usual ascorbic acid method. A 200-ml CaCl. extract of this 
soil (soil to solution ratio 1:1) was obtained and phosphorus was determined 
by the modified ascorbic acid method described above. The concentration of 
phosphorus in the soil extract was found to be 0.0051 ppm of P. 


It is concluded from the data that concentrating the molybdophosphoric 
acid in isobutanol makes it possible to increase the sensitivity of the ascorbic 
acid method so that it becomes suitable for very dilute solutions. 
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MOVEMENT OF PHOSPHORUS TO BARLEY ROOTS GROWING IN SOIL 


P. K. OMANWAR and J. A. ROBERTSON 


Department of Soil Science, University of Alberta, Edmonton, Alberta. 
Received July 28, 1969. 


ABSTRACT 


A plant growth room experiment was con- 
ducted using seven soils of Alberta with a 
treatment of 300 ppm of P on four of the 
soils. The contributions to the movement of P 
to the roots were calculated according to the 
method of Barber and co-workers, with some 
modifications. Results of the experiment show- 
ed clearly that movement by mass flow was 
the most important process of P transport to 
roots in soils treated with 300 ppm of P. Ap- 
parent diffusion was found to be the major 


soils, which included two soils with naturally 
high levels of available P. Root interception 
was found to be of least importance in P 
movement to roots. Since the concentration of 
P in soil solution affected the amounts of P 
reaching the roots by diffusion, mass flow or 
root interception, the importance of the deter- 
mination of soil solution P is emphasized. A 
correlation of 0.86 was obtained between the 
yield and soil solution P concentration of the 
untreated soils. 


process of P movement to roots in untreated 


INTRODUCTION 


In a soil-plant system, ions must move to the roots before they can be absorbed. 
Barber and co-workers (2, 7, 10, 11) have shown that three processes involved in 
the movement of ions to roots are mass flow, diffusion, and root interception. They 
studied the relative importance of the three processes in supplying Ca, Mg, K, Na, 
Mn, Fe, B, Cu, Zn, Al, Sr, and Mo to roots growing in soil. Shapiro et al. (16) 
thought that the most probable mechanism for the movement of P to roots was 
mass flow. Olsen et al. (12) and Lewis and Quirk (8), however, favored ion 
diffusion as the major mechanism. Bouldin (3) argued that the P concentration 
of soil solution would need to be greater than 2 ppm if all of the P moved to the 
roots by mass flow. Fried and Broeshart (4) suggested that the soil solution would 
have to contain 20 ppm of P to account for the entire uptake of P by mass flow. 
Obviously, the relative importance of mass flow and diffusion in P movement to 
the roots cannot be stated categorically. 

Therefore, we conducted this project in order to increase our knowledge of 
the role of mass flow and diffusion in P movement to roots, to suggest improvements 
in the procedures used for calculating the contribution of mass flow and root 
interception in P movement, and to study the effect of adding P to soils on the 
contribution of mass flow and diffusion of P to the roots. 


MATERIALS AND METHODS 


The seven soils we used were collected from the Ap horizons. Portions of four of 
the soils received a treatment of 300 ppm of P in the form of KH.PO, solution 
which was sprayed on to the soil and mixed in thoroughly. A\ll soil samples were 
stored in plastic bags at 75% available moisture and at 4.5 C until required. 

To characterize the soils, some physical and chemical determinations were 
made. The particle size analysis was done by the pipette method. Organic 
carbon content was calculated as the difference between total and carbonate carbon 
content in soils. The pH was measured using the glass electrode in a 1:1 
soil-water system. Total phosphorus was determined by digesting the soil with 
HF, HNO., and HCl (1). The available P was determined by the method of 
Miller and Axley as outlined by Robertson (14). 
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To estimate the soil solution P concentration at field capacity, the stored soils 
(storage time of 10 months) were extracted with 0.01 M CaCl. solution, using 
four soil to solution ratios (1:1, 1:1.25, 1:2.5, and 1:5). Phosphorus was deter- 
mined in the extracts and the P concentrations of the extracts were plotted against 
the extraction ratios (grams of soil in 100 ml 0.01 M CaCl. solution). The curve 
was then extrapolated to the moisture content at field capacity (15). The modified 
ascorbic acid method (13) was used to measure accurately the extremely low P 
concentration found in some soil solutions. 

After the soils were stored for 9 months, a plant growth experiment was 
conducted in a growth room. Three pots were filled (2000 g oven dry basis), with 
each of the 11 soils (seven untreated and four P-treated). Conquest barley was 
seeded and after emergence was thinned to six plants per pot. Sufficient N, K and 
S were added to all pots and the soil moisture was controlled by weighing and 
watering the pots to the field capacity. Fifty grams of perlite were placed over 
the pots to reduce evaporation losses. Pots without barley plants were used to 
estimate evaporation losses. To estimate the seed contribution of P, barley was 
grown in pots containing only perlite. Three weeks after emergence, the plants 
were harvested. The roots were separated from the soil and the root volume was 
measured with a pycnometer. Fresh root weights were determined after blotting 
the roots with paper towels. The tops and roots were dried at 70 C, weighed, and 
ground. The samples were digested with HNO,;-HCIO.-H.SO, (5) and P was 
determined by the ascorbic acid method (17). 

We calculated the movement of P by mass flow to the roots, using a modifica- 
tion of the method of Barber and co-workers (10). They estimated the soil 
solution concentration by using a saturation extract whereas we thought it more 
correct to obtain the P concentration at field capacity, the upper limit of watering 
in the plant growth experiment. The procedure for estimating the P concentration 
at field capacity is described above. 

To estimate the contribution of root interception in P supply to the roots, we 
multiplied the soil solution concentration by the total root volume. For calculating 
the contribution of diffusion of P to roots, we followed Barber’s approach of 
subtracting the mass flow and root interception contributions from the total uptake 
of nutrient. We corrected for the contribution of seed P by subtracting from the 
total uptake, the P contained in the plants growing in perlite. 


RESULTS AND DISCUSSION 


The soils (Table 1) had a wide range of available P (5.5-170.5 ppm), total P 
(355-925 ppm), solution P (0.02—44.65 ppm), CaCO; equivalent (0.08=/21270>); 
organic C (1.19+5.69% ) and pH (5.2-7.8). Thus, the soils provided a wide 
spectrum of characteristics to study the movement of phosphorus in soils. 

The yield data show that generally the higher the dry matter of the tops, the 
higher the dry matter of the roots and the volume of the fresh roots (Table 2). A 
treatment of 300 ppm of P on four soils resulted in a distinct yield increase of both 
tops and roots. We noted that two untreated soils (Solodic Black and Glory), 
naturally high in available P, gave as high yields as any P-treated soils. The total 
volume occupied by the roots in a pot was very small and varied from 8 to 26 cc. 
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Table 2. The dry matter of tops and roots, volume of fresh roots and transpiration ratios in 
. the growth room experiment 














7 Volume of Transpiration 
aes Beggs fresh roots ratio 

Soil (ppm) Tops Roots (cc/pot) (g H,O/g tops) 
Maleb 0 OS 1.59 12 341 
12 292 
Calcareous 0 1.46 AS 
Dark Brown 300 SHO D 2D 18 354 
j 8 310 

Carbonated 0 Oo 0.78 

Dark Brown 300 om OS 2.89 26 326 
i 3 38 11 DHT 
pees 300 i. 124 19 453 
Solodie Black 0 3.04 2 AS 22 400 
a1 < 44 Ihe Wl 17 AS) 
Le hess 300 3047 3.00 26 313 
Glory 0 Boos | 85) 19 367 





Mass flow 


The data (Table 3) show that the contribution of mass flow to the transport of P 
to roots is 4% or less for the untreated soils. For treated soils the range is from 
74 to 192%. More than 100% contribution implies the accumulation of P at the 
root surface, since the supply of P by mass flow alone was greater than the total 
uptake. Under such conditions the concentration gradient is away from the surface 
of the roots. No diffusion of P to roots can occur but back diffusion of P can be 
expected. In contrast to treated soils, the untreated soils, no matter whether high 
or low in available P, could not supply more than 4% of P to roots by mass flow 
movement. The distinct increase in the mass flow contribution in the treated soils 
clearly shows the greater importance of mass flow of P in soils supplied with high 
doses of phosphatic fertilizers. Further, it is very likely that mass flow of P to 
roots may be the major process of P movement in the case of band placement of 
phosphatic fertilizers where a high concentration of P is expected. Our results 
suggest that mass flow is the major process supplying P to the roots when the soil 
solution P concentration is about 17 ppm or more (Calcareous Dark Brown treated 
with 300 ppm; Tables 1 and 3). However, in the case of soils naturally high in 
available phosphorus (Solodic Black and Glory), where low rates of phosphatic 


fertilizers are usually applied, the mass flow of P to the roots seems to be relatively 
unimportant. 


Root interception 


The contribution of root interception is no greater than 3% (Table 3), and in the 
case of untreated soils it is much less than one percent. Thus root interception is 
not an important process in P transport. This conclusion is not surprising in view 
of the definition of root interception used in this paper. We are of the opinion 
that the maximum contribution of root interception is the quantity of ions in the 
volume of soil solution equal to the root volume. We think that any ions com- 
prising part of the solid phase, or sorbed on to it, must pass into solution before 
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moving toward the absorption sites of the roots. Following Low (9), we doubt 
that the absorption sites (6) approach the solid phase closely enough to permit 
direct contact exchange. If this is the case, their movement has to be ascribed to 
either mass flow and/or diffusion. This is in contrast with Barber’s group (2, 7, 
10, 11) who include sorbed ions in the root interception contribution. 


Diffusion 

Our data (Table 3) indicate that the apparent diffusion of P to the roots is the 
major process of P movement in soils receiving no P treatment. It is interesting 
to note that even in soils (Solodic Black and Glory—Table 1 and 2) which gave 
yields equivalent to that of P-treated soils, the contribution of the apparent 
diffusion to P transport is more than 96%. 

Since the contribution of diffusion is calculated by difference (total uptake 
minus mass flow and root interception), the errors in estimating mass flow and root 
interception are likely to affect to a great extent the amount of P calculated as 
diffusing to roots. However, there are many problems in estimating directly the 
amounts of P diffusing to the roots. Fried and Broeshart (4) reported that the 
published values of the P diffusion coefficient varied by a factor of 10’. The 
determination of the effective absorbing surface area of roots and root hairs growing 
in soils, the magnitude of the concentration gradient and the distance over which 
the concentration gradient exists are some of the difficult parameters to measure 
with any great degree of accuracy. Since the maximum mass flow and root 
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interception contributions can be estimated more precisely, the indirect estimation 
of P diffusion appears satisfactory. 


Phosphorus concentration and movement 


Since the soil solution P concentration is a component of mass flow, root inter- 
ception and diffusion, one would expect it to be an important factor in the delivery 
of P to the roots no matter which process is involved. We found a correlation of 
0.86 (P = 0.02) between the yield and the soil solution P concentration of the 
untreated soils (Fig. 1). Using the same yield data, a correlation of 0.82 
(P = 0.05) was obtained between the P uptake and the soil solution concentration 
of the untreated soils. Although the soil solution P concentration is found to be 
very important in the delivery of P ions to the roots, other factors may also 
be important. These include: variations in evapotranspiration; the “rhizosphere 
effect” which may alter the soil solution concentration and/or nutrient uptake; the 
extent of root development; and thermal gradients which affect water movement. 


CONCLUSION 
(1) Mass flow of P to the roots is the most significant process in the transport of P 
in soils treated with high doses of P, and it is likely to be an important process in 
soils where phosphatic fertilizers are band placed. 


(2) Apparent diffusion to the roots is found to be a major process of P transport 
in the untreated soils which we studied. 

(3) Root interception as calculated is not important in the overall P transport 
process. 

(4) Since the apparent diffusion of P appeared to be the major process supplying 
P to the roots in untreated soils, a study of P diffusion, particularly on P deficient 
soils, is worth considering. 

(5) Since the soil solution P concentration affects the amounts of P moving to roots 
by mass flow, diffusion and root interception, the importance of determining P in 
the soil solution is emphasized. 
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APPENDIX G 


Inosganic =P Forms) of the Phosphated) Soils 


a 





Soils P treatment Inorganic P ‘forms 
ppm of ppm of soil 
soil 
Al-P Fe-P Ca-P 
Calcareous 0 19 3 216 
Dark Brown 
Calcareous 100 45 9 278 
Dark Brown 
Calcareous 300 81 es 324 
Dark Brown 
Carbonated 0 16 7 224 
Dark Brown . 
Carbonated 100 47 Me 246 
Dark Brown 
Carbonated 300 106 29 236 
Dark Brown 
Eluviated Black 0 Br 46 WS 
(Angus Ridge) 
Eluviated Black 100 91 TE) 70 
(Angus Ridge) 
Eluviated Black 300 176 104 83 


(Angus Ridge) 


Orthic Gray Wooded 0 10 a2 28 
(Cooking Lake) 
Orthic Gray Wooded 100 54 79 20 
(Cooking Lake) 
Orthic Gray Wooded 300 153 ies 30 


(Cooking Lake) 
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